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Abstract: 
The principles of organization theory are applied to the 
organization of construction projects. This is done by 
proposing a framework for modelling the whole process of 
building procurement. This consists of a framework for 
describing the environments within which construction 
projects take place. This is followed by the development of 
a series of hypotheses about the organizational structure of 
construction projects. Four case studies are undertaken, 
and the extent to which their organizational structure 
matches the model is compared to the level of success 
achieved by each project. To this end there is a systematic 
method for evaluating the success of building project 
organizations, because any conclusions about the adequacy of 
a particular organization must be related to the degree of 
success achieved by that organization. 
In order to test these hypotheses, a mapping technique is 
developed. The technique offered is a development of a 
technique known as Linear Responsibility Analysis, and is 
called "3R analysis", as it deals with roles, respons- 
ibilities and relationships. 
The analysis of the case studies shows that they tended to 
suffer due to inappropriate organizational structure. One 
of the prevailing problems of public sector organization is 
that organizational structures are inadequately defined, and 
too cumbersome to respond to environmental demands on the 
project. The projects tended to be organized as rigid 
hierarchies, particularly at decision points, when what was 
required was a more flexible, dynamic and responsive 
organization. 
The study concludes with a series of recommendations; 
including suggestions for increasing the responsiveness of 
construction project organizations, and reducing the lead- 
in times for the inception periods. 
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CHAPTER ONE: THE CONTEXT OF THE STUDY 
This chapter establishes the context of the thesis by 
considering firstly the historical perspective ý of const- 
ruction projects. The way in which the construction 
industry organizes itself is then examined, and the dist- 
inguishing features of construction identified. Organ- 
izational theory is studied to look for ways in which other 
sectors of industry have approached organizational issues. 
The problem of relating organizational effectiveness to 
project outcome is discussed. The chapter concludes with 
the purposes of the study, stating the- problems to be 
addressed. 
1.1 HISTORICAL PERSPECTIVE 
Building projects have their antecedents in jobs where a 
master mason was totally in control of a craft-based 
building project (Shand, 1954). In traditional construction 
projects, before the Industrial Revolution, the architect 
was in complete control of the job. It was the architect 
who hired individual craftsmen and labourers, and organized 
the work on site. It was also the architect who ultimately 
decided upon the content and form of the project. This 
situation is now rarely the case, as clients are taking more 
responsibility for their own decisions. Forms of procure- 
ment have emerged where risk has become a matter of business 
policy, and is distributed according to who is willing. to 
charge a premium for accepting it. The involvement of a 
wider range of construction professionals and their instit- 
utions has also had an impact-upon the development of. the 
construction industry. 
Since the Industrial Revolution, the,, technologies-, of 
building components have increased in complexity, not only 
individually, but also in combination. Before industrial- 
ization-it was usual for large buildings. to, be formed from 
_1 . 
one technological component which would perform a range of 
structural, environmental and functional needs. Since 
industrialization the various functions are served by,, 
different technological components. In this way, not only 
has each'' component become technologically more complex, but 
also the interactions between them have multiplied (Turner, 
1986). The urge to innovate technically, and the readiness 
of the industry to accept, novel solutions to design and 
technical problems was noted in the Banwell report (1964). 
1.2 ORGANIZATION OF THE CONSTRUCTION INDUSTRY 
The first step in understanding the organization of the 
construction industry is to identify its key features, and 
to compare this industry with others. 
1.2.1 The increasing complexity of'organizations 
The increased fragmentation and division of specialized 
skills resulting from the Industrial Revolution created 
fundamental divisions of responsibility within construction 
project teams. One of the clearest" divisions is that 
between design and construction. This split has long been 
clearly recognized, particularly in the. Emmerson report 
(1962), and more recently in BRE studies (e. g. Daltry & 
Crawshaw, 1973). There are also indications that there has 
been for some time an equally important split between'the 
pre-design (planning) stages and the design itself (Drage, 
1970; DHSS; 1986). This is particularly evident in'the 
public sector where it is not unusual for building projects. 
to becomes the responsibility of another department, once 
included as a capital expenditure item (Hughes &'Walker, 
1988). A further division of responsibility lies between' 
the functions of designing and costing. ', -'-,, In the''United,, 
Kingdom it has long been the practice for the architect to 
engage'professional quantity surveyors to be responsible'for 
planning and monitoring costs on construction projects.: 
Other functional divisions arise from!: =the increasing 
technical complexity of projects; structural and mechanical" 
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services engineers are two of -the professions which have 
developed as specialist fields of expertise. Professional 
institutions in construction dominate the working practices 
and organizational form of projects. Each institution lays 
down its own fee scales and conditions of engagement, 
producing a far from ideal situation; 
"As specialized institutions proliferate, instit- 
utional survival matters more than the approp- 
riateness to changing circumstances of fiercely 
protected roles" (Andrews, 1983). 
The involvement of several , different professional 
practices, each working for their own firm and brought 
together for the purposes of a building project, creates a 
temporary organizational-structure. Within this "temporary 
multi-organization" (Cherns & Bryant, 1984) there will be 
people working on different parts of the project, at diff- 
erent times, in offices which are geographically separated, 
and utilizing skills of varying types. This phenomenon, 
known as differentiation (Thompson, 1967), is typical of the 
organizational issues inherent in the construction industry. 
1.2.2 Changing nature of the construction industry 
The development of today's project-based industry is well 
documented (Shand, 1954; Bowley, 1966), and it is not 
intended to reiterate those discussions here. Suffice to 
say that the traditional structure of the industry has 
become outmoded. This is because of a huge increase in the 
use of new technology in building components and of novel 
design solutions, without any concomitant changes-to the 
organization of the process of building provision (NEDO, 
1985). 
There are signs that the industry is responding to change, 
and that new management strategies are emerging to control 
the new processes more effectively, for example, -"management 
contracting" (McKinney, -1983; Moore, 1984). However,. 
in 
many cases these new forms of contractual procedure contain 
only slight modifications to a system which has become 
inappropriate, and may-not always be in the best interests 
of the client (Andrews, 1983). Fee structures, for example, 
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are often still based on a percentage of the final cost of 
the project. In this way, the more expensive the contract 
becomes, the more money it will,. make for the management 
contractor. The arbitrary introduction of an extra level of 
management at the` construction stage will not solve all of 
the problems that seem to be inherent in construction. The 
emergence of a variety of procurement methods suggests that 
each addresses only one of the problems associated with the 
organization of construction projects. 
The overwhelming impression of organization in the constr- 
uction industry is not one of inflexibility, so much as 
inappropriateness (Carpenter, 1981). Indeed, text books on 
construction management are increasingly stressing the need 
for organizational structures to be tailored to meet 
particular project needs (Barrie & Paulson, 1978; Burgess, 
1979; Walker, 1984; Bennett, 1985). This would indicate 
that the problem has been perceived and its solution is 
being developed. In practice, however, the construction 
industry falls into the trap of categorizing and classifying 
procurement methods to such an extent that people develop 
their own particular favourite methods of organization which 
they stick to. , This leads to the situation described by 
Carpenter (1981) who states that 
"projects go wrong 'because the actual tasks 
peculiar to the project are not identified. This 
failure prevents appropriate procedures being 
developed for the project. " 
Similarly, Neale (1984) comments that 
"it is not unusual to find well qualified and 
competent people who have become powerless 
prisoners of ill-conceived management structures 
and control procedures" 
This may imply that practitioners assume that there is one 
solution, to all management -problems,, just waiting,,, to be 
found. However, there are clear indications that, there is 
a trend towards appropriateness of management structures 
(Sidwell, '1982; Finniston, 1986). It is apparent that--the 
industry can accept different , organizational, -. forms, for 
different projects,, because there, are -significant - differ- 
ences between types of contract. 
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The range of organizational options available to clients 
of construction is increasing. Because of this a variety of 
approaches exist to choose between procurement methods. 
This is exemplified by Tatum and Fawcett (1986) who outline 
a technique for identifying the major variables of a const- 
ruction project, and select from one of five procurement 
patterns. This technique suffers from two major drawbacks. 
One is that the five options from which the technique can 
choose are fixed and pre-defined. The second is that it is 
only deemed suitable for large projects. The pre-definition 
of such a procurement pattern implies that if their system 
of selection were to become the norm, then no more new proc- 
urement patterns would emerge in the future. This is 
clearly not an end to be pursued. However, unlike some 
other writers who take this approach, Tatum and Fawcett 
describe their organizational options only in the most 
general terms, more as organizational objectives than as a 
procurement pattern. 
Although the organizational approaches to construction 
projects are adapting fairly slowly, the technical solutions 
employed are developing rapidly. The modern construction 
project often takes place in an environment which can be 
subject to drastic changes within a short time span, often 
within the life of the construction project. Additionally, 
as projects become more complex, both technically and econ- 
omically, their time span can increase relative to the 
environmental changes taking place. This situation can 
sometimes result in the client being supplied with an 
obsolete building (Brauer & Preiser, 1976; Turner, 1986). 
1.2.3 Client perceptions of the construction industry 
The construction industry has -terminologies,, methods of 
working and patterns of doing things which are different to, 
those of many of its clients. It is estimated by NEDO 
(1974) that over half of the 20; 000 or so clients who each 
year obtain industrial_or-commercialibuildings<have had no-. 
previous experience of the construction, industry during the 
preceding five years. tip,;. ". 
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Proposals from the British Property Federation (1983), 
which represents the thoughts of a major group of clients, 
demonstrate that clients sometimes feel that the industry 
does not conduct itself in an acceptable manner, and partic- 
ularly that more flexibility is needed. These proposals 
demonstrate the dissatisfaction of certain clients of the 
industry. The view that clients are unhappy with the 
industry is supported by NEDO (1983). 
Moore (1984) reports that some clients have difficulty 
understanding the nature and complexity of the construc- 
tion industry and its processes. Contractual procedures are 
complex despite the existence of standard forms of contract, 
and the emergence of novel and non-standard forms of cont- 
ract serves to complicate the client's view of the process 
of procurement. 
Clients of the industry are often berating the building 
professionals for poor quality work, and unprofessional 
conduct (NEDO, 1985). The construction industry is diff- 
erent from the industries of most of the clients it serves, 
being described by one government report (Engineering 
Construction EDC, 1982) as a "unique and complex business". 
The construction industry invests little time and resources 
in ensuring that its clients get "value for money" (Burt, 
1978; Building & Civil Engineering EDCs, 1985). This 
concept of value for money usually refers to the success of 
a project as perceived by the project team in terms of time, 
quality & cost (NEDO, 1976). Added to these should be the 
client's perceptions of project success, in terms of achiev- 
ement of their stated objectives (Nahapiet & Nahapiet, 
1985). 
1.2.4 The importance of public sector building 
Whilst the problems of the construction industry are 
present in both public and private sectors, they are-more 
acute in the public sector. - This . is because the decision- 
making-patterns are surrounded with the need for-public 
accountability. This need is usually manifested through the 
existence of multiple committee stages for approvals on 
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expenditure of finance. If public accountability is given 
high priority, the planning stages of a project can be 
longer than the execution and commissioning stages. In this 
way, the problems of organizational structure in const- 
ruction projects are accentuated and compounded. The 
excessive bureaucracy and accountability are commented upon 
in a variety of reports (for example NEDO, 1975). 
Important differences between the public and private 
sectors can be described under the three headings of "Goals, 
Means and Orchestration" (Paul, 1983). The goals to be 
achieved within any public sector organization are largely 
prescribed by policy makers and political constraints, 
whereas a private enterprise would be freer to choose its 
own goals. The means by which the goals can be achieved are 
often more constrained in the public sector; the orchestra- 
tion (or implementation) of goals and means is even more 
constrained. It is difficult to adapt to change during a 
public sector project because those responsible for policy 
are removed from those responsible for implementation. 
The industry must consider both public administration 
generally, and particular aspects such as public account- 
ability to discover the reasons for the differences between 
the private and public sectors. Even within the public 
sector, the professions of the construction industry work as 
if they were in the private sector, adopting the usual fee 
scales and conditions of engagement internally between 
departments. This indicates that the construction 
professions perceive little need to differentiate between 
working in the public and private sectors. 
The public sector is organized as a multi-disciplinary 
rigidly hierarchical structure. This has been shown by 
writers on organizations to be ideally suited to a stable 
environment (Weber, 1947; Burns & Stalker, 1966). It 
equates to Weber Is "Bureaucratic" type -and to` Burns & 
Stalker's "Mechanistic" type. However, the environment of 
the public sector, particularly in respect to -building 
projects, is far from stable. A general increase in envir- 
onmental complexity surrounds all contemporary systems of 
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+ 
organization because of an increase in the rate of change 
within society (Beer, 1972). The longer a project, the less 
stable is its environment; and public sector projects often 
have phenomenally long lead times. Therefore, the way in 
which public sector projects are currently organized is 
inappropriate. 
The current trend towards organizing according to the 
demands of the environment, rather than according to an 
idealized pattern, is noted by Toffler (1970). He describes 
it as a move from bureaucracy to "ad-hocracy". 
Both Toffler (1970)" and Beer (1972) typify a large number 
of writers who comment on the enormous increase in the rates 
of change in society. Since public sector projects tend to 
have longer durations than private sector projects, this 
rate of change has a more marked effect on public sector 
projects. It is because of this rapid change in the envir- 
onment of large projects that the identification and desc- 
ription of particular "procurement methods" for general 
types of project is inappropriate. By the time that such a 
system has been developed, tried, tested, disseminated and 
accepted, the environment of projects may have changed too 
much for it still to be appropriate. 
The scale of public sector building in the United Kingdom 
can be assessed from the statistics issued by the Central 
Statistical Office (1988). Table I shows the scale of cons- 
truction work in the public and private sectors for the ten 
years 1977-86. The marked decline in public sector work is 
clear. However, it still forms a significant proportion of 
total new construction work. The reduced activity is not 
because of reduced demand from public sector agencies, but 
because of government restrictions on spending. This illus- 
trates that the public sector, more than ever, needs to be 
sure of getting "value for money" from building programmes. 
As this trend continues, the importance of each project as 
a proportion of the whole of public sector work increases. ` 
Thus it becomes more important to ensure that the output of 
public' sector construction projects is acceptable. The 
current political' climate is such that the public sector 
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must be able to justify its continued existence by reference 
to performance in the private sector. If success cannot be 
assured, then work may be moved to the private sector. 
Table I: The importance of UK public sector building 
New Construction Work (x £1000) 
Year Public Sector Total output- % 
1977 4,320 8,972 48 
1978 4,513 10,313 44 
1979 4,779 11`, 722 41 
1980 5,235 13,055 40 
1981 4,794 12,354 39 
" 1982 4,092 12,629 32 
1983 4,849 13,396 36- 
1984 4,910 14,192 35 
1985 4,704 14,921 32 
1986 4,730 16,286 29 
10yrs 51,254 135,687 38 
(Source: Central Statistical Office, 1988) 
1.2.5 construction industry compared to other industries 
Economically, the characteristics of the industry are seen 
by Hillebrandt (1985) as being the physical nature of the 
product, the structure of the industry, the organization of 
the construction process, the determinants of demand and the 
method of price determination. 
The economic and technological constraints on const- 
ruction projects produce a complex and dynamic environment. 
The organizational characteristics of the construction 
industry are the separation of design from costing (i. e. 
distinct roles- of architect and quantity surveyor), the 
separation of design from production, the exclusive 
specialization of the contributing professions, and the 
frequent phenomenon of the client not being the end user of 
the product (e. g. property developers, government projects 
etc. ). The fact that construction projects are frequently 
unique results in the temporary nature of the organizational 
structures used. These factors combine to create the 
characteristic "stages of work" which are recognized by'so 
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many analysts (for example RIBA, 1980). Single projects 
involve large numbers of people over several years, usually 
on a temporary basis (Engineering Construction EDC, 1982; 
Cherns & Bryant, 1984). 
The construction industry has attracted a lot of criticism 
about the difficulties it has in organizing itself; 
especially by comparison with other industries (see section 
1.2.3 on page 5). It has parallels in other project-based 
industries (Morris, -1983). Together, these industries cons- 
titute a large proportion of organizational knowledge and 
experience. It is this body of knowledge which the const- 
ruction industry needs to tap. Although an analytical model 
has been developed on private sector construction projects 
(Walker, 1980) it does not yet seem to have been taken up by 
the industry. This model is described further in the next 
chapter. Section 1.2.4 (page 6) makes it clear that the 
problems of the construction industry are more acute in the 
public sector than in the private sector. 
1.3 ORGANIZATION THEORY 
It is tempting when studying organizational structure in 
the construction industry to use literature sources solely 
based around the topic area of construction project manage- 
ment. However, this is too narrow a definition for an 
effective background. The field of study must be expanded 
to encompass organizational theory (both in terms of ante- 
cedents and in terms of the application of theory to the 
construction industry), thus providing a broader. and more 
thorough background to the work. Organization. theory is 
based on the premise that one body of knowledge can explain 
the structure and functioning of all types of organizations, 
and that it is not necessary to-have different theories, for 
different types of organizations (Khandwalla, 1977). 
The construction industry seems very. -reluctantýto learn 
from other industries. (Bryant, 1986). It seems to: believe 
that it is always a "special case" and that: it therefore 
needs- its.,. own. set of organizational and behavioural. 
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theories. For example, it is often considered unusual for 
a project to consume 100% of a contributor's time. Thus 
each of the professionals on a construction project team is 
often active on other-projects within the practice. This is 
highlighted as being somehow extremely important and 
distinctive. However, as Scott (1981) points out, the 
people who participate in organizations do notdo so to the 
exclusion of everything else. They will also be involved 
with activities outside the organization. Thus the partial 
involvement of people in an organization is one- of the 
fundamental characteristics of all organizations. 
As Hillebrandt (1985) states, the distinguishing features 
of construction are not individually unique. Each one has 
some similarity or parallel in other industries. It is only 
their combined effects which make construction unique. The 
specific tasks of each contributor to the process may be 
unique to construction; but the fact that people are co- 
ordinated so that their several contributions may collec- 
tively achieve a pre-determined aim, is sufficient in itself 
to draw upon organizational theory. Thus it is entirely 
valid to apply organization theory to construction projects. 
A useful starting point is to examine studies which 
concentrate on the project type of organization. As Morris 
(1983) shows, projects occur across a variety of industries 
such as film production, aid programmes, Research & Develop- 
ment management, computer software writing etc. There is 
already an expansive body of knowledge about projects as 
being "processes for achieving defined change" (Morris's 
definition), and this is reviewed in the next chapter. 
Organization theory is a field which has-been reviewed by 
many writers. A useful, approach to adopt is one of looking 
at the field from the points of view of the various schools 
of thought on the topic. These are often bracketed into 
four main groups (Bowey, 1980): the Classical school, Human 
Relations, Systems Analysis and Contingency Theory., '- The 
analysis of organizational structures has; its. roots in--the 
ground work done in the first two.. of these categories. 
Since the main thrust of those studies was the, investigation 
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of people's roles within organizations, and the nature of 
their interactions, the structural aspects of organizations 
were secondary. The work in this area has already been 
extensively reviewed many times, and there is little to be 
gained in reviewing it again. A good review is given by 
O'Shaugnessy-(1976) who concludes that "the implications for 
organizational structure are sparse and vague". 
1.3.1 Systems Analysis 
The Systems view has become very popular in recent years 
and its use as a theoretical framework is well documented, 
for example see Buckley (1980). The context within which 
systems analysis is brought to bear on the topic under 
discussion is best described by Leavitt, Dill & Eyring 
(1973), when they state that systems analysis; 
"... provides tools-that enable us to talk to one 
another about models designed to handle complex 
and messy problems. These tools discipline our 
efforts to describe, to analyse, and to speculate, 
and they are designed to add precision and-depth 
to managerial judgment. " 
Systems thinking originally developed along the lines of 
considering all systems as organic (von Bertalanffy, 1969), 
and much progress was made by considering the nature of the 
relationships between parts of the systems. To paraphrase 
Buckley (1980), the relationships in organic systems are 
physiological, involving physical and chemical energy inter- 
changes, whereas the relationships between parts of society 
are primarily psychic, involving complex communicative 
processes of information exchange. This provides a firm 
basis for examining organizations as systems because the 
whole study of building project organization is one of 
information exchange. This principle of the exchange of 
information characterizing the relationships in complex 
human systems is fundamental` to modern complex systems 
analysis. As Buckley points out, it is the nature of,. -the 
information that is important, not the mediaýby which it is 
transmitted. Thus information is not a substance, but *a 
relationship between "sets of. ensembles of structured 
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variety". In this way the systems under consideration may 
be viewed as information-processing systems. ' 
The advantage of the systems approach is-that it involves 
looking at each of the component parts of the system in 
terms of their relationships to each other, and to the 
whole. The most useful models for the analysis of project 
organizations are those which were developed specifically 
for temporary organizational structures. Cleland & King 
(1975) proposed an approach based upon systems analysis 
which models the organization as a dynamic open system. 
This produces a very useful conceptual model for defining 
the structural relationships within an organization, whether 
temporary or permanent. Thus the system under consideration 
can be seen as a set of interrelated sub-systems, each-with 
its own objective. The systems view requires that each 
sub-system is managed in terms of the overall system, and 
further, in terms of the interaction of the system with its 
environment. The systems under consideration are engaged in 
producing some sort of change in their environment. 
Therefore they have a purpose. The concept of purpose is 
the thing which distinguishes the organizational system from 
the physical, or organic systems. Purpose provides a 
framework and an orientation for objectives. A system can 
only function effectively if it has feedback about its own 
performance, therefore, the feedback mechanisms must be 
linked to the objectives of systems and sub-systems. 
The environment of building projects is generally un- 
stable. Therefore the systems of building project organ- 
izations must be adaptive. - If they cannot respond to 
changes in the environment then they will not produce output 
suitable to their purpose. 
As Kreitzner (1977) points out, the. open_systems, viewis 
more useful than the closed systems view because it takes 
account of the interactions between the system: and- its 
environment. The environment of a system must be understood 
when considering open systems, because-the, interchange ý is an 
essential factor underlying the system's viability, and its 
ability to change (Buckley, 1980). 
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To view any organization as a system, it is necessary to 
identify what each-of the component parts are. These parts 
can be seen as sub-systems in their own right, and are 
defined in a similar manner to the whole system. In order 
to analyse what lies within any particular system the bound- 
ary must be identified. This boundary, in organizational 
terms, is seen by Walker'(1980) as being made up of environ- 
mental constraints. It is as a response to this environment 
that construction projects originate. This response cons- 
titutes the first decision point and marks the start of a 
project. A further decision about the project's completion 
marks the end of it. Within this environment the construc- 
tion project exists with the primary aim of fulfilling the 
requirements of the client. The events that-, join the two 
decision points can then be defined as the sub-systems which 
interact, to produce the system. 
1.3.2 Contingency Theory 
As Woodward (1958) said; "there can be no one best way of 
organizing a business". Accepting this, it. must then be 
true that different circumstances call for different organ- 
izational structures. It would be very useful to identify 
the most significant variables in the circumstances of 
construction projects. This could be done by looking at the 
"causal relationships" in project organization. This 
approach consists of proposing hypotheses about causes and 
effects and then conducting statistical analyses on data to 
ascertain, the verity of the hypotheses. It has been 
criticized (O'Shaugnessy, 1976) because it does not produce 
explanations, but generalizations which still require 
explaining. In any case, simply identifying significant 
variables is not enough to solve organizational problems. 
It is also necessary to identify those features of organiza- 
tional structure which contribute to effective project 
management, thence to develop techniques for designing 
organizational structures tailored, to suit the demands' of 
particular projects. . ", r- 1". ,. -"'" 
". L'. 
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It was precisely: this need in industrial organizations 
which Woodward (1965) identified: 
"Analytically the central problem in the develop- 
ment of a comprehensive theory of organization is 
to determine the conditions under-which behaviour 
inside organizations becomes standardized and 
predictable. Techniques have to be found to desc- 
ribe systematically, and evaluate quantitatively, 
complex and intricate manufacturing situations. 
Such techniques would provide not only a tool for 
the student of organization but also a method of 
tackling concrete organizational, problems. They 
would provide an answer to a question so often in 
the minds of those responsible for organizational 
planning: how can an assessment be made of the 
appropriateness of a firm's existing organiza- 
tional pattern to its needs? " 
Although Woodward was writing some time ago, techniques 
for systematic description, and quantitative evaluation of 
organizational structures have yet to be firmly established. 
It may be contended that there is a "typical" project man- 
agement structure that could usefully be identified for 
construction projects. However, as Brech (1975)points. out, 
although there may be some groups of organizations which 
display outward signs said to be generally typical for a 
type of organization, within every organization the dist- 
ribution of management and executive responsibility is 
unique. He states: 
"it may be broadly said that there is no general 
pattern for the distribution of executive respons- 
ibilities; there would appear to be certain basic 
maxims of organization structure commonly applic- 
able, but with considerable differences in actual 
application. " 
Brech and Woodward were discussing organizations generally, 
with particular reference to industrial and manufacturing 
organizations. As has already. been shown, the fact that 
they were not referring directly to construction is not 
sufficient reason for rejecting-, their work. 
The idea that there was one-. ideal organizational form was 
the motivation for, much of the early work: if this ideal 
form could be. put into practice then problems-would evap- 
orate!, However, 'Lawrence & Lorsch (1967) demonstrated that 
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appropriate organizational structure will depend upon the 
environmental demands upon the organization. Thus it is the 
appropriateness that is the key. This is known as the Cont- 
ingency Approach. Accepting the ideas of this theory, the 
current study will attempt to provide the tools for desc- 
ribing and analysing organizational structures based upon 
the foundations laid by such writers. 
1.3.3 classifying and modelling organizations 
This study is fundamentally about comparisons between 
different forms of organization and their effectiveness. 
This may lead to a scheme whereby certain characteristics 
may be classified. Burns (1967) proposes a comprehensive 
classification scheme into which data from different organ- 
izations may be fitted and suggests that the most appro- 
priate scheme would be a comprehensive list similar to a 
thesaurus in nature. He states that the objective-of such 
a scheme would be to answer the question, "What is this 
organization? ", to provide answers that are more compre- 
hensive and meaningful than is currently the case. 
Many models have been proposed for organizations, each 
with a complexity to suit their purpose. A common theme 
amongst the earlier (and some recent) writers, is the "polar- 
istic" style of model. This takes the organization as a 
whole as the unit for analysis. In this type of model, a 
few idealized extremes are defined: An organization can 
then be said to tend toward one or other of the idealized 
extremes. Examples are provided by Weber (1947) who 
describes three types of power or authority - Bureaucratic, 
Rational/Legal and Charismatic; Burns & Stalker (1966) who 
describe the two extremes of Mechanistic and Organismic; and 
Perrow (1967) who describes a series ofýtwo-by-two matrices, 
each defining a different aspect of organizations. These 
approaches serve to define an organization by its type, but 
they do not serve as conceptual models for a detailed 
analysis of the performance of an organization. :.. 
Organizations can be studied froma sociological pers- 
pective such as that proposed by Silverman (1970), with what 
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he calls the "Action Frame'. of Reference". Although this is 
concerned with understanding individual action, rather than 
observing general patterns of behaviour, it concentrates on 
the individual actors as the unit of-analysis and as such is 
not very informative about the structure of organizations. 
An alternative approach, is to study the organization's 
objectives. There is often great store set by analysing 
goals and objectives, and researchers in this field often 
assume that this is the key to effective organization; 
harmonize the goals, and all work on the project will be 
easily co-ordinated towards the unified aim. This scenario 
would fit in with the views of Etzioni (1961) who is inter- 
ested in the way organizations obtain compliance to their 
goals. On the other hand, Cyert & March (1963) have found 
it necessary to discard the idea that organizations have 
clear, fixed and characteristic goals. It. is apparent that 
there'is considerable disagreement within any organization 
about-goals, and evidence from empirical studies confirms 
this (Walker, 1984). 
Armandi (1981)' typifies an approach known as causal 
analysis. This consists of identifying relationships between 
important variables using statistical analysis of a large 
number of representative cases. Sidwell (1982) also took 
this approach and concentrated on the construction industry. 
The problem with this approach is that it does not produce 
explanations; merely observations. Therefore, ýit does not 
provide-the techniques for identifying causes of organiza- 
tional inefficiency. 
The concept of organizational form is useful for descr- 
ibing organizations., The simplest form of organization must 
be an individual with no self-doubt whose activities are 
shielded from any extra-organizational effects. The,. problem 
of assessing effectiveness for such an individual will be a 
question of assessing the, quality of work produced. -, An 
example of this level of simplicity would-be an individual 
building a garden shed. Obviously, society is°involved; in 
tasks of far greater complexity than this, and thus- the work 
has to be split up amongst a number of individuals. The way 
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in which people act together to fulfil a common goal is 
complex and difficult to understand. The formal structure 
of their relationships can be mapped out on an organization 
chart, but that does not'give a total picture of the way in 
which people work together. In addition to the formal 
relationships, there are informal relationships which take 
place within an organization and have a tremendous impact 
upon the way in which work is done. Thus, any model that is 
to prove useful must provide detailed information at a 
variety of-levels. 
1.4 EVALUATION 
If the effectiveness of an organizational structure is, to 
be analysed, then some measure is needed of project success 
in order that any sense can be made of an analysis. An 
example would be to assess the extent to which the client is 
satisfied with the completed building. 
1.4.1 Building Product Evaluation 
One of the problems in ensuring client satisfaction is 
that no widely accepted method'of evaluating the success of 
a project is readily available. This was evident from the 
proceedings of a conference concerned with assessing the 
processes involved in achieving good quality building within 
acceptable cost margins, whilst still making a profit for 
the parties to the project (Brandon & Powell, 1984). It was 
clear from that conference that there is little formal 
evaluation of the products of, the industry. Quality control 
and performance evaluation were shown to be of great import- 
ance, but of inconsistent application. It is apparent from 
the conference that there is a need for a formal method for 
evaluating buildings. 
It is also apparent that just as there is'little hist- 
orical information on the way in which building projects 
were managed in the centuries preceding the Industrial Revo- 
lution, there is also little recorded information about the 
organization of current projects. Although'every`letter'is 
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filed (on well run projects) and meetings are minuted, it is 
difficult to analyse a building project retrospectively 
because the purposes behind recording such information are 
diverse, and often obscure. 
There is much evidence that the industry acknowledges the 
need to evaluate building projects, but little evidence that 
evaluation is actually undertaken; for example the RIBA Plan 
of Work (RIBA, 1980) includes a-Stage for this to take place 
(Stage M: Evaluation). Cooper (1983) claims that it is 
doubtful whether many architectural practices have ever 
attempted to undertake stage M of the plan of work. The 
problem may be that in the case of the RIBA, their fee 
scales do not include an element to-cover this stage of 
work. Not only are clients not charged for it, but once a 
project reaches this stage, many architects tend to move 
instead to fee-paying work on a project which. is at, an 
earlier, and therefore more lucrative stage. 
1.4.2 Building Project Evaluation 
If progress is to be made in the development of "ideal" 
project organization strategies, it is essential that prog- 
ress takes place in the evaluation of completed building 
projects. The current "state of the art" of building eval- 
uation techniques needs developing to the point where it is 
not just the actual product that is examined, but, the 
process which produced it. In addition to this, there is a 
desperate need for an effective method of documenting all 
communications and decisions on a project. 
It is one thing to critically evaluate an artefact, but 
quite another to propose ways in which a better artefact-may 
be produced. If the construction industry is going to learn 
from its mistakes, then it must analyse the way in which 
decisions are taken, and the way that the several different 
specialist consultants are co-ordinated and their work 
unified. A detailed study of the roles, ', responsibilities 
and relationships of. people and tasks would, highlight. both 
the good and bad features of the organizational strategy 
adopted on a particular project. By referring back to the 
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evaluation of the product, the process can then be modified 
so that future projects would have a better chance of 
success. It will not necessarily follow that a well struc- 
tured project organization will produce a perfect building, 
but it is certain that it will encourage better practices 
and increase the chances of success., Work in this area has 
already been undertaken by Walker (1980) who developed an 
analytical model for private sector construction projects. 
It is clear from the literature that Walker provides the 
most comprehensive working model for analysing and desc- 
ribing the organizational structure of building projects. 
Thus it will be used as the basis for analysis in the 
current work. Walker's model is described in detail in 
section 2.4, in the context of other approaches. 
To summarize the main points so far, construction projects 
are open, purposive, complex and adaptive systems; organ- 
izational structure should be contingent upon project envir- 
onments; there is a great need for systematic descriptions 
and quantitative comparisons of organizational structures. 
1.5 PURPOSES OF THE STUDY 
This study is concerned with the application of organ- 
izational theory to building projects, in general; and with 
the development of an analytical method in particular. This 
entails establishing whether the principles developed and 
tested in the private sector of the construction-industry 
still hold true for the public sector. 
To this end, the objectives of the study are: 
(a) To analyse the-way in which the public sector of the 
construction industry organizes itself to produce 
buildings, from inception to occupation. 
(b) To use a systems approach to model. the organizational 
structures used in public sector construction. 
(c) To seek relationships between the structure of an 
organization, and the outcome of a project. 
(d) To make recommendations about how-to modify organiz- 
ational structures to optimize project outcomes. 
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CHAPTER TWO: THE PROCESS OF CONSTRUCTION 
This chapter examines the established views of organ- 
ization in the construction industry and from there 
identifies the essential elements of construction project 
management. The importance of the environment is then 
discussed, and a new framework for environmental analysis is 
suggested. A new model of the construction process is 
proposed along with a technique for validating it. 
2.1 COMPARISON OF ESTABLISHED ORGANIZATIONAL APPROACHES 
The previous chapter established the inappropriateness of 
many of the management structures used for construction 
projects. This is supported by another quotation, 
"We need a flexible organization that can be 
tailored to suit the project as it develops ... to 
give full and flexible attention where it is 
needed ... I don't think traditional methods of 
managing have the required information handling 
characteristics. " (Bennett, 1984) 
Such statements clearly demonstrate the need for a flex- 
ible, adaptable organizational structure for building 
projects. It is clear that the current economic, political 
and technological changes that are taking place create an 
unstable environment for the industry. Thus, as Biggs 
states, the organizational forms that are now required 
cannot be styled on status quo and tradition as, they often 
have been in the past (Biggs, 1985). The RIBA Plan of Work 
is very well known in the building industry generally, and 
is often taken as the baseline against which all others are 
compared; yet commentators readily acknowledge the limit- 
ations of plans of work, particularly the RIBA Plan of Work.. 
One of the main criticisms levelled at them is that they: are 
inflexible and only suited to a limited range of jobs. 
If systematic descriptions and quantitative comparisons 
are to be meaningful, they must be done from a common base. - 
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This will require some common points of reference between 
different projects, in order that comparisons may be made. 
For example, Walker's (1980) key decisions and sub-systems 
of activity were uniquely identified for each of the case 
studies that he undertook. It is difficult to compare diff- 
erent projects when the decision points, task structure and 
analysis are dependent entirely on the particular circum- 
stances of the project. With such a wide definition of 
project structure, it becomes unusual to find points of 
comparison between different projects. In order to be able 
to make comparisons, some order should be imposed on the 
data. Cleland & King (1975) achieve this in their process 
of organizational analysis by identifying a "normative" 
model, against which their observations may be compared. 
This normative model holds only for the particular 
organization being analysed. For the purposes of analysing 
a variety of construction projects, this approach is not 
appropriate. A more general approach is needed which will 
provide the frame of reference within which comparisons can 
be made. This can be done by using a regular pattern based 
upon the plans of work recognized by the industry. 
Although the work to be undertaken can vary greatly 
between projects, there have been several attempts in the 
past to group tasks together into discrete stages of work. 
People within the industry are familiar with plans of work, 
so these form a useful starting point for analysing the 
organizational structure. Every project goes through 
similar steps in its evolution in terms of these stages of 
work. The stages vary in their intensity or importance 
depending upon the project. 
There follows an analysis of seven plans of work. These 
are compared to each other, to see what they have in common,, 
and where they differ. They have been chosen to typify the 
variety of such plans of work. Some of, the sources-examined 
are not plans of work as such, but are. basic text books 
about how construction projects should be managed. The 
seven sources are each described briefly below, and summ- 
arized in the seven columns of Table II. 
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Table II: Summary of plans of work compared 
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Table II continued 
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2.1.1 "Project Management & Construction Control" 
Peters' text book, Project Management & Construction 
Control (1981) explains in detail the procedures that should 
be adopted when managing a project. He embraces the idea 
of the project being a "dynamic and ever-changing system". 
He also introduces the idea that the Project Manager should 
be involved as early as possible in the project, and should 
remain involved right through to its conclusion. His stages 
of work are summarized in column 1 of Table II. Overall, 
Peters describes the widest range of tasks of all of the 
plans of work. 
2.1.2 "Capricode"" 
The second plan of work examined is that published by the 
DHSS (1986). Entitled Capricode, it is described as a 
"mandatory procedural framework for managing and processing 
NHS capital building schemes". The framework is independent 
of monitoring and control systems, which are expected to 
vary appropriately according to circumstance. This distinc- 
tion between activity and control will be discussed later. 
One of the underlying principles of the code is account- 
ability, and to that end it makes the project manager 
individually responsible for the management of a project. 
It does not set out the responsibilities of individual 
consultants for schemes, preferring instead to leave such 
detail to be decided as appropriate for each project. It is 
expected that such detail will, vary. It is also-expected 
that the management pattern and project team membership will 
change from one stage to another. Capricode is summarized 
in column 2 of Table II. 
2.1.3 "Managing Construction Projects,, 
Austen & Neale (1984) are the editors of a guide to 
project management. The contributors to the guide collect- 
ively have a very wide range of experience of construction 
projects in developing countries. It emphasizes-the 
essential nature of good project management and the - need for 
careful planning in the early stages. ; The authors are 
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confident that although projects vary a great deal there are 
still general principles and internationally accepted 
practice with regard to project management. Thus. - they 
describe basic guidelines which may be construed as a plan 
of work. Column 3 of Table II shows their perception of the 
development process. Strangely, they do not consider that 
the construction professionals should have any involvement 
until the project is definitely going ahead. They make it 
clear at the beginning of their guide that it does not cover 
the social, economic and engineering analyses which result 
in the decision to build. 
2.1.4 The British Property Federation 
The British Property Federation (BPF) is an affiliation of 
organizations who build regularly. They see themselves as 
being uniquely affected by what they term the "usual" 
problems in construction; i. e. poor design, inadequate 
supervision and little choice of materials. For this reason 
they commissioned a research study which resulted in their 
"Manual of the BPF System" (British -Property Federation, 
1983). This is an advisory document containing recomm- 
endations for a more effective method of organizing the 
whole building process. 
The BPF system splits the process into five major stages 
(see column 4 of Table II). Flexibility is intended, so the 
system does not try to prescribe the exact organizational 
structure. One of their suggestions is that some of the 
stages may be merged on some projects. Each stage is 
definitely punctuated by a client decision about whether or 
not to proceed with the project. 
2.1.5 Property services Agency Project Management Guide,: -ir, 
The PSA Plan of Work (Property Services 'Agency, 1984) is 
intended to be the framework for all project. -management 
structures in the government-building programme., It-is a 
guide, and not mandatory. In conjunction with the Planof 
Work are guides for each, of the professional and technical 
consultants. The purpose of the Project Management Guide is 
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to outline the management procedures only, and not the 
technical steps that have to be undertaken. The majority of 
the guide is intended. to be applicable to all types of 
project. The start point comes before the decision to build 
has taken place. However, it is envisaged by the PSA that 
the project manager; or indeed any construction profess- 
ional, may not be appointed until after the decision to 
build has been taken. Stages and sub-stages are punctuated 
by decision points. Column 5 of Table II summarizes this 
plan of work. 
2.1.6 "Project Management in Development" 
Finn (1984) has summarized his experiences of managing 
property development projects in the form of a checklist. 
To quote his own introduction, "project management can be 
defined as the assumption of responsibility for a develop- 
ment scheme from inception to final completion in such a way 
that the client's aim to have a satisfactory building const- 
ructed on time, within an agreed cost limit and producing a 
satisfactory income is met". His list draws together 237 
separate activities which have to be done for the successful 
management of the project. Priorities and dependencies are 
not considered as the whole is only intended as a checklist. 
It is summarized in Table II, column 6. - 
2.1.7 RIBA Plan of Work 
The RIBA Plan of Work is the best known and most"compre- 
hensive set of documentation (RIBA, 1980). It is not 
intended to be specific to any one kind of project, neither 
is it intended to be immutable. It is the intention that by 
following the plan of work, "an architect may concentrate on 
architecture, rather than on management". The inception 
stage begins with the client considering the need to build, 
and setting up an organization with a chairman to manage the 
project from the "client's side. There is a , great -deal of 
detail allocating responsibilities to particular consultants 
at every stage. The stages are shown in Table4II, column. 7., 
t 
-' J ... ý, 
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2.1.8- Comparison of Plans'of work 
The seven plans of work summarized in Table II clearly 
have much in common. To highlight their commonality, 
horizontal lines are drawn across Table II, grouping 
together similar tasks. These lines approximate to major 
decision points, loosely fitting all of the plans of work. 
In essence, the plans of work have several abstract concepts 
in common; packages of work need to be undertaken, the work 
has to be managed, decisions have to be made, and indivi- 
duals' relationships to projects are variable. It is the 
variation between projects that is the cause of confusion 
and poor definition of management structures. These are 
exactly the problems which the plans of work seek, and fail, 
to overcome. 
Returning to the concept of open systems, introduced in 
chapter one, it is difficult to see how some of the plans of 
work fit a systems view. The two key features which seem to 
be underplayed are control, and boundaries. Control is in 
most cases interwoven with the defined activities to such an 
extent that it is hard to distinguish it. The boundaries to 
the system and its sub-systems are not explicitly defined, 
as such: But Capricode, PSA and RIBA plans of work take 
decision points as being the boundaries to sub-systems. As 
Walker described, these decision points serve to punctuate 
stages of work. The extent of commonality amongst the plans 
of work is clear when these major decision points are 
examined. Plans of work with no overt identification of 
such decision points still exhibit patterns which are common 
to all projects. Accordingly, the lines drawn across the 
columns of Table II show the occurrence of these decisions 
punctuating the lists of tasks. 
Table II leads to the identification of eight major 
decision points which will be common to all construction 
projects, and these have been extracted on to Table. III. 
The stages in Table III may take place in a variety of- 
sequences; indeed, some stages may overlap. However,, 
although the sequence may vary, the stages of work remain 
sequential. Examples of two common procurement methods are 
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Table III: Decisions and stages of work 
Inception: Define need & determine financial implic- 
ations and sources. 
Feasibility: Preliminary designs, costings & invest- 
igation of alternatives. 
Scheme Design: Programming, budgeting, briefing, outline 
design etc. 
Detail Design: Development of all sub-systems within the 
design, detailed cost control, technical details etc. 
Contract: Contract specification, pricing mechanism, 
sufficient documentation for selection of contractor etc. 
Construction: Execution and control of all site work & 
associated activities, further contract documentation. 
Commissioning: Snagging, operating instructions, 
maintenance manuals, opening ceremonies, occupation, 
evaluation, managing the facility, staff training etc. 
given in Figure 1. This shows stages of work in relation to 
decisions which punctuate them. 
The top example, the traditional method of procurement, 
shows a typical pattern of decisions. The first of these 
decisions is based on the first in Walker's work, the 
decision to adapt to external influences. As Walker 
described, this decision will trigger activity which may or 
may not lead to the procurement of a building. It is during 
this stage that the need for the project is identified. If 
relevant, its position in the corporate plan is decided, the 
sources of funding, and possibly the maximum funding limit 
could also take place during the first stage. The result of 
this stage is that the need is identified, and the resources 
required are approximately quantified. 
This leads to the second decision point, that there is a 
need for a construction project. This triggers the Feasib- 
ility stage of work, consisting of preliminary designs, 
investigations of alternatives and preliminary costings of 
the possible solutions. The result of this stage enables 
the client to take the third decision; that the preferred 
solution, is feasible and the project can go ahead. 
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Traditional procurement 
I 404F4ýS4ýD 
Design & Build 
KEY; 
F ? Decision Inception 
F Feasibility 
.............................................................................................................................. 
S Sketch scheme 
D Detail design 
T Contract 
D? 0GC Construction 
G Commissioning 
Figure 1: Examples of procurement processes 
The third stage of work is the Scheme Design. During this 
stage, the client will be interacting with the designers, 
briefing and identifying user needs, approving sketch 
designs and commenting upon them. The designers will be 
interpreting in detail the client's requirements. At the 
end of this stage, it is usual for the design team to wish 
to freeze the brief, and the client should be prepared to do 
this as far as possible. (However, at the same time the 
project team must be willing to acknowledge that as the 
project progresses the circumstance of the client will be 
subject to environmental influence, and thus the client's 
requirements will be subject to unavoidable change. ) The 
decision at this point is that the design is acceptable, 
within cost limits and is a satisfactory interpretation of 
the client's requirements. 
The fourth decision point triggers the Detail Design stage 
of work. This is where the consultants develop the design 
and achieve integration of all of the various sub-systems of 
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the building (structural, services, 'circulation etc. ). The 
technical problems of the design have all to be fully worked 
out and statutory consents checked. 
The fifth decision point is that the contractor can be 
selected. The design is sufficiently advanced for the spec- 
ifications, bills of quantities and tender drawings to be 
issued, and for the tendering process to commence. It is 
this stage which is subject to the most variation between 
procurement methods. For example, if buildability is a key 
requirement, then the contractor may well have been selected 
at a much earlier point in the process. The lower example 
in Figure 1 shows how-the stages of work might be arranged 
for a Design & Build procurement pattern. 
The sixth decision point is that the project is ready for 
commencement on site. This stage simply contains all site- 
related activities, ý including further documentation and 
design work brought" about as a result of the emergence of 
further information. 
The seventh decision point is that the building is ready 
for commissioning. The identification of this particular 
decision point removes the problem of identifying the 
completion date, with the associated problems of final 
account which can drag on for years. The involvement of 
construction professionals in the commissioning stage will 
vary greatly between projects, but ought to be clear from 
the outset. The final decision point, that the project is 
complete and all contractual obligations discharged is 
occasionally difficult to pin down to an exact point. This 
is because there are often several different contracts which 
have to be discharged. Usually contractual completion may 
be taken as the finish point to the building project. In 
the cases where it may take several years to-fully discharge 
a contract (in terms of liabilities and remedies) this 
decision point is defined as the decision by the client that 
the project is concluded. Thus it isýdependent - on the 
particular. client and the particular project. 
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2.2 ANALYTICAL MODELS OF THE PROCESS OF BUILDING 
The plans of work are lists-of activities and roles, and 
as such are descriptive models of the process of building. 
They do not provide a model of the organizational structure 
of building projects. There have been several analytical 
models developed-in the literature, the most significant are 
discussed below. 
Von Scifers (1972) developed a model for the analysis of 
building, project responsibilities, which he called Trans- 
formed Relationships Evolved from Network - Diagrams 
(T. R. E. N. D. ). This involved drawing a network diagram of a 
building project and analysing the links between each task 
to identify the pattern and intensity of relationships 
between the contributors. Whilst providing a rich source of 
data about the relationships, it does not provide an analy- 
tical picture of the whole process of building procurement. 
In terms of proving that interdependence and uncertainty are 
linked it works very well, but for the detailed analysis of 
building projects, it involves too much detail about inter- 
dependence, to the exclusion of any analysis of organiza- 
tional structure. 
Morris (1972) proposed that the construction process could 
be analysed in terms of one or two "tracer" activities 
observed across a particular boundary in the system. His 
chosen boundary was that between design and construction and 
he looked at the flow of information. This model of the 
process demands an immense amount of detailed information. 
It is difficult to draw general conclusions from such an 
analysis, because the organizational pattern within a 
project changes as the project progresses from one stage to 
another. By concentrating on-one interface, a very narrow 
view must result, excluding much of potential interest. 
A further analytical approach is illustrative of 
approaches which concentrate on dealing with various facets 
of Differentiation. The "Task-Field" model of Stoelwinder 
and Charns (1981) is an approach which classifies 
contributors as being primary, secondary or tertiary, 
depending on their relationship to, the Operation under 
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consideration. It is a very useful tool for closely 
examining a few continuous Operations (for example, running 
a restaurant) but it does not give sufficient information 
about dynamic, project-based situations. 
Walker (1980) originated an approach which brought 
together a number of organization theories. He tested his 
model on a series of construction projects. His was an open 
systems model based upon the tenets of some of the more imp- 
ortant contributors to organizational theory. By analysing 
the way in which particular construction projects had been 
run he could link the success of a project to the extent to 
which the organization structure matched the theory. 
Because of this, his is the most appropriate model from 
which to commence the current analysis. 
2.3 WALKER'S MODEL OF THE CONSTRUCTION PROCESS 
No model currently exists which can adequately relate a 
project's organizational structure to its environment. The 
starting point for developing the new model is a summary of 
Walker's model. 
Linear Responsibility, Analysis (LRA) was developed by 
Walker (1980) from the works of Burns & Stalker (1966), 
Lawrence & Lorsch (1967), Thompson (1967), Cleland & King 
(1975), and others. The following description is taken from 
Walker & Hughes (1986). 
Walker's model contains the following propositions: 
(a) The building process is divided into the systems of 
"Conception", "Inception" and "Realization" at "Primary 
Decision" points; and into sub-systems at the "Key 
Decision" and "Operational Decision" points. 
(b) The Differentiation of the system should be matched by 
a corresponding level of Integration effort. 
(c) The Managing System and the Operating System should be 
Differentiated. 
(d) The Managing System itself should be undifferentiated. 
(e) The client and the building process should be Integ- 
rated. 
These propositions are expanded below. 
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2.3.1 Decision points 
According to Walker, decisions on a project are ranked, 
according to the degree to which they commit the client to 
given courses of action or commitment of finance. The 
highest ranked decisions are called Primary Decisions. In 
the context of building projects Primary Decisions are 
common to all projects, namely; 
(a) the decision to adapt to external influences; 
(b) the decision that the client needs to acquire real 
property to achieve objectives; 
(c) deciding the form that the real property should take; 
(d) the decision that the project is complete. 
These Primary Decisions form the boundaries to the three 
major systems of activity on any building project-as shown 
in Table IV, i. e. the systems of Project Conception, Project 
Inception and Project Realization. The system of Project 
Realization contains the majority of design decisions as 
well as the construction of the project. Referring back to 
Table III, it is clear that the systems in Table IV are at 
different levels of detail to each other. The systems of 
Conception and Inception are each at a similar level of 
detail, but the system of Realization contains the whole of 
the remainder of the project. 
The next level of decision-making is the Key Decision 
level. Key Decisions are determined by the client as a 
result of the client's internal procedures for expenditure 
and similar approvals, and will be strongly affected by 
environmental influences upon the client's activities. They 
range from, for example, approval of design and budget 
proposals and decisions to delay the project, to decisions 
to change the nature of the project. If the client's organ- 
ization is not responsive to environmental forces, Key 
Decision points may be inappropriately identified to the 
detriment of project outcome. They act as major feedback 
opportunities within the client's firm and also for the 
process of building provision. 
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Table IV: Primary decisions versus systems of activity 
Primary. decision: 
external influences 
. 
Adaptation to 
provision of'a performance through the 
.., acquisition-of real ` property 
System:.: 
Conception 
Inception 5 
Identification and construction of a 
"'''new' building 
Final:. completion . 
Realization 
,. The third level of decision-making lies at the operational 
, level. Operational Decisions contribute to Key Decisions 
and are constrained by them. They are mainly concerned with 
. 
implementation of procedural aspects of building project 
. organization and move the project 
incrementally towards a 
Key Decision, also providing secondary feedback oppor- 
tunities. 
: Walker's analytical method is based on the premise that 
Key -and Operational Decision points cannot be universally 
prescribed for all projects and need to be uniquely ident- 
ified for each project analysed. 
;.. Thus, the systems created by Primary Decisions consist of 
a number of sub-systems of activity created by Key 
Decisions, which in turn consist of a number of Task sub- 
systems created by Operational Decisions. 
1. -Sub-systems of activity are Sequential, that is, each sub- 
system relies upon output from preceding sub-systems, and 
the order of precedence can be identified. Task sub-systems 
may, be. Sequential or Reciprocally Interdependent. Recip- 
rocal: SInterdependency -occurs when two task sub-systems are 
mutually dependent on each, other, for example, ' the 
architectural proposals for the external envelope for the 
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building rely heavily upon the structural solution adopted, 
and vice versa. Thus, task sub-systems may be linked to one 
another in a variety of ways. 
2.3.2 Differentiation and Integration 
Whilst the systems and sub-systems at Primary and Key 
Decision level are Differentiated by virtue of the decision 
points, task 'sub-systems are not only Differentiated by 
Operational Decisions, but also on the basis of the pers- 
onnel involved in them. They may be Differentiated from 
each other on the basis of: 
(a) the type of skill demanded'by the task (Technology); 
(b) geographical separation of the contributors (Terri- 
tory); and 
(C) the sequence of the tasks (Time) (Thompson, 1967). 
Differentiation on any of these bases can be reinforced by 
the concept of Sentience (Miller & Rice, 1967). A Sentient 
group is a group to which individuals are prepared to commit 
themselves and upon which they'depend for support. In-the 
building context, with substantial autonomy of contributing 
consultants, firms and professions, Sentience can arise as 
allegiance to a firm, and/or allegiance to a profession. 
2.3.3 Managing system and Operating system 
. The description so far constitutes the operating System 
for actually carrying out the work requiredýto progress the 
project. This is maintained, co-ordinated and kept going by 
the Managing System, which is the source of the activities 
required to Integrate the Differentiation present in the 
Operating System,. including the supervising and decision 
making activities. It should be Differentiated from the 
Operating System on the-basis of Technolgy. 
2.3.4 LRA chart 
The term "LRA chart" refers to the process of. graphically 
presenting the organizational structure as a dynamic system. 
The chart thus produced is-then used to analyse"the project 
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in terms of. the abstract model described above. (The graph- 
ical technique will be discussed in detail in chapter 4. ) 
The strength of, Walker's approach lies in, its diverse 
origins. Its value is that it brings together a wide range 
of work based outside of construction industry and applies 
it, successfully, to private sector building projects. For 
these reasons it is a very useful base from which to begin 
a study of public sector building project organizations. 
2.4 THE ELEMENTS OF CONSTRUCTION PROJECT MANAGEMENT 
The foregoing analysis of the established approaches to 
organization in the construction industry provides the basis 
for identifying the common elements of construction project 
management. 
2.4.1 Activity 
Activity, in the sense of construction projects, refers to 
the systems of- work which have to be done in order to 
transform input, into output and to incrementally produce a 
building. For the purposes of this analysis, it is the 
generic term used to encompass work packages which take 
place between decision points. The detail of. the activities 
needed to be done vary from one building project to another, 
but in general the overall pattern. remains the same. This 
is clear from the analysis of the plans of work. 
, 
Different analysts perceive differing needs for the 
organizational structure. This is not simply because of 
their differing perceptions or perspectives; but, it is a 
result of the genuine need for a large amount of variation 
in organizational structures. 
Walker acknowledged the requirement for diversity to the 
extent that he identified only four things that different 
building projects must have in common; the. Primary Decision 
points which divide. the process of construction into three 
systems, as in Table IV; viz.: the Process. of.. Conception; 
the, Process of Inception; and the Process of Realization. 
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The analysis of plans of work shows, -that-it is reasonable 
to conclude that building projects have more commonality 
than Walker acknowledges. This is confirmed by the guidance 
of the British Standard on, Quality Assurance (British 
Standards Institute, 1981) which uses a project model based 
upon industries other than construction. The analysis has 
shown that, there are systems of activity which are common to 
all of the plans of work. 
2.4.2 Decisions 
Decision points form the major boundaries to activities. 
They have been classified by Walker (1980) as Primary, Key 
and operational decisions. The levels of decision making 
that can be observed on large projects can be more complex 
than this three-tier structure suggests. It is felt that if 
a hierarchical distinction is to be made amongst types of 
decisions, then a more comprehensive scheme is needed. The 
feature of decision points is that they punctuate the work 
and offer. opportunities to higher levels of the management 
structure to control the project. If an activity orientated 
approach is undertaken then the work lying between decision 
points is the significant information, rather than the level 
at which the decision is taken. Walker's technique involved 
leaving the entire identification of sub-systems to be 
dependent upon each particular project. This resulted in 
the need for specific levels of decisions from which the 
sub-systems could be identified for each project. If the, 
sub-systems are prescribed, as. suggested by the analysis in 
section 2.1, then this need is no longer present and the 
level of decision-making takes on a different significance 
(also see section 3.1.5, page 52).. fý 
x ý. ...... .. r.: 
j" 
2.4.3 Interdependence " 
It has been established. that construction projects have. a` 
high technical complexity. It is this, coupled with a 
dynamic environment which produces the inherent uncertainty. 
in construction projects. As has been described in the past 
(Crichton et Al, 1967), the- uncertainty produces a* demand 
- 38 - 
for interdependence in the organizational structure. 
Thompson (1967) defined three types of interdependence; 
Sequential, Reciprocal and Pooled: 'and Walker showed that 
only the first two types exist in construction projects. 
Some of the plans of work go to sufficient detail to look at 
the way in which individual items of work and contributors 
interact with each other, but the amount of variability in 
projects means that this cannot be universally prescribed. 
It is clear from chapter one that the level of interdep- 
endence is contingent on the environment within which the 
construction project takes place, and the identification and 
control of this is one of the elements of construction 
project management. 
2.4.4 Differentiation and Integration 
Differentiation is defined as the differences in cognitive 
and emotional orientation among contributors to projects who 
offer specialist skills (Walker, 1984). It is clear that 
varieties of skills are combined in unique ways to produce 
buildings. Each of the contributors to a building project 
has their own personality and orientation which gives them 
their own set of unique predispositions. This variety is 
necessary in terms of providing the range of skills demanded 
by the environmental complexity (Lawrence & Lorsch, 1967). 
All Differentiation needs to be co-ordinated and directed to 
ensure that the aggregated effort remains orientated towards 
the client's objectives. This concept is termed Integration 
and is the corollary of Differentiation. 
Some studies concentrate almost exclusively on aspects of 
Differentiation. When various groups combine on a temporary 
basis to form a project team, the nature of the-Different- 
iation is complex. It is this situation which has been 
described by Cherns and Bryant (1984) as Temporary Multi- 
organizations. The '"transactions" between the constituent 
organizations within a project have, been -studied by 
Williamson (1981). These studies are concerned with, the 
"Human Relations" problems brought about by complex Differ- 
entiations and the need for different qualities of Integ- 
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ration. ' The current study, however, is only concerned with 
organizational structure, i. e. the formal system of roles, 
responsibilities and relationships within the management of 
the project. Thus it is valid to state that the "behav- 
ioural approaches" mentioned are outside the scope of this 
study. However, once the organizational structure can be 
defined in a rational and systematic way, the behavioural 
studies will be able to fill in the gaps brought about by 
concentrating purely on structural aspects. 
In previous studies of organizational structure (Lawrence 
& Lorsch, 1967; Walker, 1980), much was made of the deter- 
minants of Differentiation, viz.: Technology, Territory, 
Time and Sentience. This provides a great deal of data 
about the range and intensity of different combinations of 
differentiation. However, these studies do not relate the 
varieties of Differentiation to Integration: They only look 
at the presence or absence of Integration. This would imply 
that it is unnecessary to examine all types of Different- 
iation. Differentiation in terms of skills (Technology) is 
needed according to the complexity of the environment. 
Along with their Differentiated skills people bring with 
them the other types of Differentiation. These other types 
of Differentiation may reinforce and highlight the Differ- 
entiation which is due to Technology, but they cannot 
mitigate it. Since it is sufficient to examine only the 
presence or absence of Integration, then for the purposes of 
this study, all types of Differentiation other than skill 
can be aggregated and simply referred to as secondary 
Differentiation. Skill Differentiation is primary and 
refers to the particular type of Differentiation which is 
required'as a consequence, of environmental complexity. 
2.5 IDENTIFYING THE ENVIRONMENTS OF, CONSTRUCTION PROJECTS 
In order to adequately relate the organizational struc- 
ture to the environment, it is first necessary to describe 
the environment of building project, organizations at a 
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greater level of detail than has been the case in the past 
(Napier 1970; 'Morris, 1972; Walker, 1980; Sidwell 1982). 
2.5.1 Types of environmental influence on projects 
The environmental influences on construction projects are 
various. Walker (1980) states that environmental influences 
can be classed in a variety of ways, and can be identified 
and analysed for each project. However, this approach seems 
altogether too loose for comparative analyses, because the 
way in which environmental influences are classed depends on 
the project being analysed. Walker's work has shown that by 
leaving the definition of the environment to be dependent 
entirely upon the merits of each case gives little scope for 
making systematic connections between the environment and 
the organizational form. 
The environment should be defined in a more structured 
way, and the list of criteria should be examined to ensure 
that any observable environmental phenomena may be class- 
ified into one or more generic groups of environmental 
forces. The groups. -offered below are based upon five 
earlier views of environmental influences on projects (Hodge 
& Johnson, 1970; Hall, 1972; Walker, 1980; Farzad, 1984; 
Kast & Rosenweig, 1985). 
(a) Political: This is mainly concerned with 
government policy and the effect of national and 
international political decisions upon the 
environment of a project. It also covers the 
occasionally large influence that strong 
individuals can have over a project. 
(b) Legal: Legislation can affect the client's 
activities directly, through factors such as 
safety, planning law, building regulations; tax 
laws etc. It also directly impinges upon the 
contractual relationships within a project. 
(c) Institutional: This covers the influence 
that professional institutions can have over the 
conduct of the professional consultants. It 
affects conditions of engagement, fee scales'etc. 
Institutional forces are also brought about by the 
influence of the, head office or parent company 
over the client. 
(d) Cultural: This describes the'acceptability 
of certain modes `of behaviour'''by', society -. as 
'a 
whole. It is expected that people will behave` in 
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a manner appropriate to the society in which they 
live. It covers such phenomena as "peer group 
pressure". It can have a great effect upon the 
industrial relations scene within a project, and 
on the "informal systems" which are often 
acknowledged to exist within formal organiz- 
ations. It will also include historical 
background and_idealogies. 
(a) Social: This differs from Walker's 
"Sociological" aspect. The term describes the 
social environment within which the project is 
operating. There may be a specific social need 
for a project, or conversely, a building may have 
adverse social consequences, such as the use of 
tower blocks for housing families. In addition to 
this, social class structures, and the development 
of social institutions also influence the environ- 
ment. 
(f) Technological: This aspect relates to the 
technology which is available to do the work, both 
in terms of design and construction. 
(g) Economic: This includes the level of general 
economic activity, as well as the question of the 
economic resources available to carry out the 
work. It includes the structure of the economic 
system, supply and demand, government economic 
policies etc. It also covers the fact that 
economic competition exists around the appointment 
of all of the parties to the building project, as 
well as the fact that any building project is an 
economic response to a perceived problem. 
(h) Financial: Financial limits usually exist on 
building projects. They are often clearly 
specified, but they can be based on totally 
inadequate information. 
(i) Physical: This relates to the physical 
circumstances within which the project takes 
place. At a simple level there may be diffic- 
ulties associated with the site, or-the climate 
may be bad; adverse or inclement weather is 
included in this category. On a wider view, the- 
physical environment dictates the materials and 
techniques that are available. 
(j) Aesthetic: There will., be some sort of 
aesthetic influence around'a project; whether'it`''is 
through "fashion" in" building, design, -or :' 
whether it arises through the conscious choice by,..; -- a client of a particular designer. 
(k) Policy: '' The translation' of 'these' total`°" 
environmental influences 'will- be ,, initially: 
undertaken by the client. When a, decision to, 
provide a building is taken, steps will' be`taken' 
to translate the interpretation, of, the environ-,: ,ý 
ment into a policy for a project. This decision 
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will have been based upon some consideration of 
the environmental influences on the client's 
organization; possibly even some consideration of 
the project's effect upon the environment. These 
decisions form the immediate, boundary to the 
building project as a system. 
2.5.2 Levels of environmental influence 
It is clear that some of these environmental facets work 
at different levels. One solution to this problem is to 
distinguish between the immediate environment of a project 
and its wider environment. This distinction has been made 
in the past by Hall (1972), Osborn & Hunt (1974) and Farzad 
(1984). In the past, these two levels have been termed the 
general (societal) environment, affecting all organizations 
within a society, and the specific (task) environment, 
affecting individual organizations more directly. Kast & 
Rosenweig (1985) add that the distinction between the two 
is not always definite, and that the general environment can 
impinge directly on the project. In this study it is 
preferred to adopt the terms "Micro-environment" and 
"Macro-environment" to describe the two levels of 
environmental influence. 
On the level of the Macro-environment, there are essen- 
tially five categories of interest, viz.: Cultural, Econ- 
omic, Political, Social and Physical. Each of these can be 
viewed in a world context as being generally prescriptive 
and widely applicable. They each have a 'soft' effect upon 
the construction project and often may not be perceived as 
problem areas simply because they are so familiar. 
At the level of the Micro-environment, the remaining 
environmental factors surround and define the project. The 
legal aspects can be grouped together with the institutional 
aspects, because the law of the land is, the mechanism by 
which society's requirements are institutionalized. -- Simi- 
larly, professional institutions are legal identities within 
which people undertake work. This . then produces a , 
list of 
Micro-environmental-factors, each of which acts as a buffer 
between the project and ,a corresponding Macro-environmental 
factor. These are, ýsummarized in Table V.;: This showsýa 
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scheme where each Micro-environmental factor can be viewed 
as existing predominantly as a consequence of its Macro- 
environmental counterpart. This is not an exclusive 
relationship because there are many interdependencies at 
work in the environment. Also, there will be much overlap 
between types of environmental factor: hence it will not be 
possible to describe or analyse one factor in isolation from 
the others. 
Table V: Macro versus micro-environment 
Macro-Environment: Micro-Environment: 
Cultural "-º Aesthetic 
Economic "-º Financial 
Political "-º Policy 
Social "-º Legal/Institutional 
Physical "-º Technological 
Table V only indicates predominant relationships between 
the factors, not exclusive ones. Thus the culture of the 
society under scrutiny is translated into material things 
through the action of aesthetic realization. Similarly, the 
economic background to a project dictates its financial 
limits; the political situation is manifested in the 
policies of the client for the project; the social con- 
ventions and restrictions are realized through the mech- 
anisms of legal and institutional traditions; and finally 
the physical reality of the world dictates the materials and 
techniques which are available to undertake the work. 
In this way, the immediate environment of the project can 
be seen as consisting of five variables, each of which acts 
as a buffer, or an interpretive mechanism, to the five 
variables in the Macro-environment. Thus, influences from 
the Macro-environment place demands upon the project. These 
have to be mitigated through the utilization of expertise 
in the Micro-environment. 
For the purposes of analysis, each of the five facets of 
the Micro-environment can interact with the other. This 
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means that wherever a problem occurs in one of the facets, 
it has consequences for each of the others. Thus, any 
quantification of the environmental complexity will have to 
take this into account in its scoring system. 
2.6 THE BASIS OF THE NEW MODEL 
The analysis of the plans of work has shown that there are 
stages of work common to all projects, and that these stages 
are punctuated by decision points. Walker's model is the 
most appropriate departure point for developing an analy- 
tical method for public sector projects, but it needs 
refining. The new model will encompass the elements of 
construction project management, i. e. the concepts of 
Activity, Decisions, Interdependence, Differentiation and 
Integration; and relate these to the environment of the 
project. The new model is developed in the next chapter. 
r 
v 
ýý 
... 
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- CHAPTER THREE: HYPOTHESES AND MODEL OF THE CONSTRUCTION 
PROCESS 
It is central to this thesis that the organizational 
structure of construction projects can be modelled using 
theoretical principles developed outside the construction 
industry. Such a model is developed in this chapter, along 
with a set of organizational principles, expressed as 
hypotheses, which can be used for testing the model. 
3.1 THE ELEMENTS OF THE NEW MODEL 
The starting point for the development of the new model is 
an examination of objectives and their relationship to the 
environment. 
3.1.1 Objectives 
Objectives are defined as the purpose behind the existence 
of any system or sub-system. 
The advantage of the systems approach is that it involves 
looking at each of the component parts of the system in 
terms of their relationships to each other, and their 
relationships to the whole. Thus the system under consider- 
ation can be seen as a set of inter-related sub-systems, 
each with its own objective. The open systems viewpoint 
requires that each sub-system is managed in terms of the 
overall system, and in terms of how that system interacts 
with its environment. 
In view of the foregoing, there are several levels of 
objectives to take account of. At the most general level, 
that of the system as a. whole, the project must be orient- 
ated towards an overall, objective which will help the client 
organization react to its environment more effectively. As., 
the environment is subject to change, so this objective will 
be subject to change. In this respect the duration of, at- 
project is important in terms of the timing of changes 'in 
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the environment. Objectives at this level ought to form the 
basis of any review of project success. 
Bengtsson (1984), in his study of project objectives, 
shows that for most people in construction projects, 
objectives are focused upon their own area of respons- 
ibility, and they are less interested in the "whole"., This 
is a result of traditional organization structure of 
projects and the orientation they impose on the individual. 
The general view of objectives in construction is that 
clients want a building on time, within cost limits, to a 
specific quality (Chartered Institute of Building, 1982; 
Draper, 1984; Finn, 1984). 
The project objectives become the major determining factor 
of the objectives for each of the sub-systems within the 
project. Each sub-system must have its own objectives which 
are orientated to the overall project objective. 
In order for the project to progress in a meaningful way, 
these objectives, and their achievement, must be closely 
allied to the decision structure. In line with this, the 
project can be said to have been initiated at a particular 
decision point. This would be the client's decision to 
explore the extent to which organizational objectives can be 
met by the procurement of a building. Similarly, the 
completion of the building project is a decision which rests 
with the client. These two decisions concern matters of 
client policy, and thus they will be termed "Policy 
Decisions". Although the client's policy will probably vary 
during the project, this will be a gradual evolution rather 
than a series of discrete events. Thus, only two Policy 
Decisions are identified. 
3.1.2 Control 
Since an "Open Systems" view is being taken of project 
organizations, it is essential that some sort of mechanism 
is provided to regulate the transactions between the system 
and its environment. This is the purpose of Control 
Systems. Essentially, it is the systems view which provides 
the abstract model of a Control System in terms of 
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Figure 2: The control cycle 
observing, comparing and correcting. The Control System 
involves comparing progress to pre-determined targets, or 
plans, and taking some sort of corrective action (Kast & 
Rosenweig, 1985). This is shown diagrammatically in 
Figure 2. The corrective action may take two forms. 
Firstly, taking steps to change the performance of the 
activity to bring it closer to that which was planned; or 
secondly, changing the plan so that it more closely reflects 
the changed situation brought about by the departure from 
the plan. In this study, in order to distinguish these two 
forms, the former will be termed Forward Control and the 
latter will be termed Feedback. Both types of Control 
System will require decisions to be taken at a level more 
senior than that under consideration. These decisions are 
termed "Strategic Decisions". They create the boundaries to 
the stages of work already described. 
Control Systems are required in several respects. All of 
the plans of work reveal that different types of Control 
System need to be exerted over a building project. A 
certain amount of control will be needed irrespective of 
project variables. But different types of Control System 
will vary in importance from one project to another, just as 
the environment varies from one project to another. The 
variations in the needs for control arise because the major 
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aspects to be controlled are the transactions and inform- 
ation flows between the open system and its environment. On 
large and complex projects any of the control aspects could 
form a separate activity for some person or organizational 
unit. On smaller jobs it may simply be one aspect amongst 
many for the project manager or management team. 
As Litterer (1973) states, 
"control is concerned not only with the events 
directly related to the accomplishment of major 
purposes, but also with maintaining the organ- 
ization in a condition in which it can function 
adequately to achieve these major purposes". 
This distinction is important, but is only partially 
revealed in previous studies. Burns & Stalker (1966) refer 
to the maintenance of the organization as the Managing Sys- 
tem, and this idea is followed by Walker (1980). This 
convention will be followed here. In addition, Control 
Systems will refer to the matching of performances with 
objectives. The Control System acts as an interface between 
the Operating System and the Managing System. The Managing 
System sets the policies and. objectives for the project, and 
the Operating System undertakes work in order to achieve 
them. The Control System matches activity to objectives in 
order to ensure that output is orientated towards 
objectives. 
Figure 3 shows how activity, decisions and control are 
related to each other in the context of project management. 
The initial decision is termed the "trigger" decision. It 
is here that the objectives for this particular sub-system 
are set. The end point is called the "terminal" decision, 
and this will usually form a trigger for a subsequent 
sub-system. This pattern occurs in all of the plans of work 
and is the basic systems model embodied within Walker's 
work. 
Within this basic pattern of work, the Managing System is 
triggering, regulating and terminating packages of work, at 
a lower level of sub-system. The issue of control should be 
separated from pure activities in the model, to clarify the 
distinction between levels of systems. Control takes up 
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Figure 3: The context of project activity 
much of the detail in the plans of work, and accounts for 
many of the differences between then. Therefore this dist- 
inction serves to simplify and clarify the basic stages. 
Objectives form the basis of a` control plan. Therefore 
the three objectives regarding time, quality and cost 
(mentioned in the previous section, page 47) form the basis 
of the control of construction projects. The term "cost" is 
rather too narrow to encompass all of the criteria assoc- 
iated with the expenditure of finance. It is felt that in 
order to, include revenue and maintenance budgets the concept 
of budgetary control is more useful. 
Much of the work involved in contract administration and 
the technical work of professional consultants, is taken up 
with legal control. Also, the client's briefing is the 
technique for controlling the functional content of the 
scheme. These two types of control need to be accounted for 
in any organizational model'of construction projects. Thus 
the different types of control considered are budgetary, 
time, quality, function and legal. These aspects of control 
are present to differing degrees at all stages of the work. 
3.1.3 Activity ` 
The seven universal stages of work identified in Table III 
constitute the activities generally found on construction 
projects. This pattern will be the basic frame of 
reference, the "normative model". Although the class- 
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ification of the work into stages may imply a sequential 
progress of work, it is not intended that the stages are 
absolutely sequential because information may be generated 
in different ways for different projects. These normative 
stages are merely a generalization and as such much of the 
detail must be adaptable. This normative model describes 
the activities taking place in a reasonable pattern. This 
can be adapted to suit the circumstances of each project. 
Each stage of work can be broken down into a group of 
Operations which have to be undertaken with a realistic 
relationship to each other. Further to this, each stage 
should have its own uniquely identifiable objective. Some 
activities identified within plans of work, such as briefing 
and cost control, take place more or less throughout the 
life of the project. This is because they form part of the 
Control Process and are in fact components of the management 
information system for the project. Figure 4 shows the 
relationship between activities, the control processes which 
surround them, and the two levels of environmental factors 
surrounding the whole. 
3.1.4 Operations 
Operations are the components of activity. An Operation 
is defined as that package of work which can be undertaken 
by one organizational unit without interruption by decision 
points (adapted from British Standards Institute, 1979). In 
terms of an "Operating System", Operations are linked in a 
variety of ways, reciprocally or sequentially (Thompson, 
1967). Additionally, within an Operation, different cont- 
ributors may be providing input, or receiving output. Thus 
the work to be done in an operation consists of combining a 
variety of information inputs, some from previous or conc- 
urrent Operations, and some from consulting contributors. 
These inputs are transformed into information outputs by 
exercising technical skill. The outputs will be made to 
other contributors, in other operations, thus forming the 
inputs of subsequent Operations. Aspects of control. may be 
so significant as to form discrete operations in their own 
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Figure 4: Activities, controls and project environments 
right on complex projects; but on simple projects they may 
be reduced to consultation or management functions within 
Operations. 
3.1.5 Hierarchies of decisions 
Decision points form the major boundaries to activities. 
They can be classed as Policy, Strategic, Tactical and 
Operational Decisions. The structure of decision points is 
shown in Figure 5, and the definitions are as follows. 
Policy Decisions are the major constraint on any project 
and determine the framework within which the project takes 
place. They may be compared to Walker's Primary Decisions, 
except that there are only two Policy Decisions defined in 
this study. The trigger Policy Decision sets the objectives 
for the project, and the terminal Policy Decision terminates 
the project. Premature termination would be a result of 
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Figure 5: Decisions, staqes of work, activities & operations 
major change in the client's policy toward the project. It 
is unclear from Walker's definition whether such changes in 
policy would be Primary or Key Decisions. Also, because his 
work was done in the private sector, he did not take account 
of the effect that policy makers within a public client 
organization could have upon the project team. Policy 
Decisions are the highest ranking decisions. They define 
the beginning and end of the "Process of Building Procure- 
ment". As such they are at the interface between the macro- 
environment and the project. In this sense the project 
exists as a response to the macro-environment, and with the 
aim of effecting some sort of change to the macro- 
environment. This definition results in the Managing System 
which regulates, maintains and adjusts the process of 
building procurement in terms of the project's environment. 
Within the "Process of Building Procurement", Strategic 
Decisions are defined as those decisions which deal with 
matters of the environment impinging on the project 
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boundary. An example is the decision to apply for planning 
permission, or the decision to negotiate terms for site 
acquisition. Strategy will be mainly concerned with the 
implementation of the client's policy, but will also cover 
the implementation of other policies such as local authority 
planning approvals. Thus, Strategic Decisions are not 
always in the hands of the client, or even the project team. 
They correspond mainly to Walker's definition of 'Key 
Decisions, but include some of his Primary Decisions. 
Strategic Decisions define the beginning and end points of 
stages of work. The sub-systems created by Strategic 
Decisions determine the micro-environment of the project. 
Between Strategic Decisions is the Control System which is 
concerned with regulating and adjusting the work taking 
place in terms of the objectives set by the Strategic 
Decisions. 
It is expected that each Strategic Decision point will 
result in a new management structure, different from that 
which led to the Strategic Decision. It is not always going 
to be the case that decisions are taken at the Strategy 
level; they may be delegated on some projects. Also, the 
Decision may not be taken explicitly, but be assumed to have 
been taken. However, since the nature of the work alters at 
these milestones, even if they are not explicit, the work 
progresses as if they had been. 
Tactical Decisions are concerned with the deployment of 
resources and the management of the project on a day-to-day 
basis. They will be the purview of the project leader, or 
project manager. Examples of these are the decision to 
appoint nominated sub-contractors for parts of the work, or 
the decision to adopt certain forms of contract. A further 
example is the decision that a project is complete and the 
contractual obligations can be completed. In practice, 100% 
completion of a project is unattainable because there comes 
a time in every project when to do further work entails 
undoing previous work. Thus completion is not a clearly 
defined situation, but a Tactical Decision. ' Tactical 
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Decisions form the boundaries to sub-systems of activity, 
and are the means whereby the Control Systems are effected. 
operational Decisions are directly related to Operations 
as previously defined. By definition, Operations are 
triggered by decision points and a decision point marks 
their completion. Therefore, in the absence of a higher 
rank of decision there will be an Operational Decision. 
These occur where delegation of authority is high, and where 
there is autonomy at the Operational level, and thus may not 
be present on many projects. Activity is the term used to 
describe the groups of Operations between Tactical Dec- 
isions. The Operating System is the term used to signify 
groups of operations interacting to incrementally progress 
the project towards the objectives of the stage of work. 
In this way, Operations are sub-systems of activity. 
Activities are sub-systems of stages of work, and stages of 
work are sub-systems of the process of building procurement. 
3.1.6 Roles and responsibilities 
The relationship between a contributor and an operation is 
referred to as the contributor's role. There are a variety 
of such roles, and they may be combined for a particular 
contributor. They will be determined by the contributor's 
skill and ability and the purpose of the contribution being 
made. Analysis of such roles seems mainly confined to 
behavioural studies, in which sets of roles are studied to 
analyse job design. 
According to Cleland & King (1975), these roles'ought to 
be identified according to the level of detail required of 
the analysis. Apart from this suggestion, there is no other 
guidance in the literature about how to choose the total 
role set for such an analysis. Walker gives no suggestion 
as to the derivation of his set of roles. The roles used by 
Walker, and by Cleland & King are the basis for the set used 
in the current analysis. Since the degree of detail and the 
classification of roles is dependent on the depth of the 
analysis and the purpose of the investigation, the role 
definitions are derived from the discussion up to this 
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Table VI: Definitions of roles 
OPERATING SYSTEM ROLES: 
Operating The activity of actually carrying out 
work (i. e. performing an operation) on 
some aspect of the project. 
Co-operating Membership of a team or committee in 
which all of the contributors are present 
at the same time, thus achieving 
integration. 
Consulting The provision of technical or other 
information when asked for it. Typically 
undertaken in the construction industry 
by professional consultants. 
Receiving A person who is in receipt of information 
about the project for purposes outside 
the management of the project; for 
example the accounts department of a 
client organization. 
CONTROL SYSTEM ROLES: 
Monitoring The function of recording and filtering 
information about an operation and 
communicating it to the right people who 
may take action. 
supervising The responsibility for comparing progress 
with a predetermined plan and for 
bringing about some sort of response to 
the situation. 
Resourcing The function which ensures that the 
people who carry out Operations have 
sufficient resources (both in terms of 
skill and economic resources). 
MANAGING SYSTEM ROLES: 
Co-ordinating The function which ensures that 
information flows successfully between 
Operational links. 
Directing The executive responsibility for ensuring 
that the output of Operations is orien- 
tated towards the objectives. 
Recommending The function of passing information or 
the results of an Operation to someone 
who must take a decision on it. 
Approving The executive function of taking 
decisions about the output of Operations. 
This decision will usually form the input 
of a subsequent Operation, Sub-system or 
System 
point. Three types of system have been introduced, the 
Operating System, the Control system and the Managing 
System. Each of these systems consist of sets of roles, and 
these are summarized in Table VI. 
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Recommendations may arise at any level in the hierarchy, 
and will be subject to Approval by the next level in auth- 
ority. This Approval may become a Recommendation to someone 
in a higher managing function again, so the chain of Recomm- 
endation and Approval passes up the management hierarchy 
until it reaches the person who has the ultimate authority 
for the particular decision being taken. The ultimate 
authority in the project management system is the client, so 
the final Approval may end up as a client's Policy Decision. 
The analysis should be capable of exposing the situation 
where the integrating mechanism is achieved through meetings 
and teamwork. Thus the role of "Co-operating" is defined as 
membership of a team or committee. This can occur at any 
level in the system, and has to be shown separately because 
in such a case, even though there may not be an individual 
whose responsibility is Co-ordination, it may take place by 
team work and meetings. 
These role definitions provide the basis for defining the 
contribution that each person makes to a project, and they 
are shown in Figure 6, related to the different levels of 
systems. 
At each of these levels of decision making, will be a 
different level of detail for analysis. In strict systems 
terms the Control System described in Figure 2 should be 
applied at all levels. The practical manifestation of this 
is the communication patterns that are observed at each of 
the levels. These form the "glue" which binds the different 
roles at each level and produce the characteristic pattern 
shown in Figure 7. This demonstrates the dynamics of 
communication between the contributors, and shows how the 
control cycle (from Figure 2) is implemented at all the 
levels of the management hierarchy. At the Operational 
level control is achieved through the exercise of three 
roles. The process of observing is achieved via the role of 
Monitoring. This gathering of information must include. a 
certain amount of filtering, to make it effective. Thus the 
Monitor undertakes some comparison of information to 
objectives. Information is passed to more senior people in 
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Figure 6: Hierarchy of roles related to decision types 
the organization and they also undertake a comparison to the 
objectives before determining the course of action to take. 
There are two choices here; Forward Control or Feedback (as 
defined in section 3.1.2, page 47). Control will be 
achieved by the exercise of supervisory powers, either to 
affect the level of resources available to the operator 
(thereby achieving Forward Control), or by attempting to 
change the plan so that the departure from the plan is 
removed (thereby achieving Feedback). This will mean that 
the decision is referred to the Managing System for a 
Strategic Decision. The Control System, then, at the 
Operational level is achieved through the roles of 
Monitoring, Supervising and Resourcing (MSR). 
At Strategic Decision points, the control process becomes 
the responsibility of a higher level of the hierarchy, and 
is manifested through the roles of Directing, Recommending 
and Approving (DRA). This is a higher level of control 
which involves the client in the decision making process. 
Figure 7 also shows why sometimes decisions from policy 
makers take a long time to filter down to those who 
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Receiving 
OUTPUT 
implement them at the operating System level; problems may 
be circulating for many years amongst the cycles in the 
upper portion of the figure before finally working their way 
back down to the Operating System. This may be beyond the 
perception of those on the Operating System who often only 
perceive the enormous time lag in decision making, with no 
appreciation of the structure of the system which produces 
the decision. 
3.2 VALIDATING THE MODEL 
The purpose of the model is to examine the organizational 
approaches used in public sector construction. The degree 
to which a project matches the model is meaningless without 
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some measure of project success. The only way to test the 
model is to assess the extent to which the observed organ- 
izational structures match the model, and compare that 
against the degree of project success. 
3.2.1 Techniques of evaluation 
The lack of a comprehensive systematic method of 
appraising project success is clear from the literature. 
The Pilkington Research Unit (1967) made a number of app- 
raisals of buildings which concentrated on people's reaction 
to subjective items such as functional and social qualities; 
spatial layout; visual, thermal and aural environment etc. 
These appraisals were not linked to the design of the 
building, but merely aimed to ascertain people's reaction to 
the building. 
Lucas (1970) emphasized the need for proper objectives, 
but offered little advice on relating these to project 
success. Blachere (1970), writing on the evaluation of 
building quality, considered that this meant "judging the 
way in which the building meets the programme set by the 
client". He identifies twenty attributes to be judged in 
assessing housing quality and concludes that it is--not 
possible to summarize them in a single comprehensive 
assessment. 
The Building Performance Research Unit (1972) published a 
detailed account of their evaluation of the performance of 
buildings. Whilst they undertook very comprehensive surveys 
of users' reactions to the buildings, they seem to have 
based the work on the fact that all buildings are different 
and therefore demand different types of review. Itýis 
difficult to determine the extent of any structure in their 
reviews, and little reference is made back to the process 
which produced the building. 
A study reported by Dean (1976) found from the literature 
on this subject that criteria used for making judgments 
about buildings were almost never linked to the architect's 
brief. Snowdon (1977) recognized the need for identifying 
the criteria for success of a project at the time when the 
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objectives are set. The BRE (Britten, 1977) made a study to 
ascertain the degree of importance which householders attach 
to various features of a house and its surroundings. One of 
their techniques was to rate satisfaction with various 
criteria on a five-point scale, another was to get 
respondents to rank 42 attributes. 
Draper (1984) described a systematic method of appraisal 
which was only applied at the design stage, and involved 
peer group evaluation, by architects, for architects. 
To summarize, it seems that the only methods of evaluating 
buildings which have any rigour or regularity are those 
which gauge people's psychological reaction to their 
buildings. It is clear that the measure of success must be 
related to project objectives. This means that each of the 
objectives identified from the environmental analysis of the 
building project should be specified in such a way as to 
describe the way in which success would be affected by its 
achievement. When considering projects which have been 
judged to have failed, reasons for failure, such as poor 
buildability, illustrate the problem that the degree of 
success can depend upon whose viewpoint - is being sought. 
This gives two dimensions to the problem of building eval- 
uation; the criteria being judged and the viewpoint of the 
person judging it. A third dimension arises from the 
problem that perceptions change with the passage of time. 
These three dimensions are shown in Figure'8, and discussed 
in more detail below. 
3.2.2 The changing manifestation of a building 
One of the problem areas with the evaluation of buildings 
is the fact that as time progresses, the nature of the 
building is changing. This change is not merely due to the 
passage of time; but as time passes, the manifestation of 
the building changes. In the earliest phases of inception 
and feasibility, the building only exists as an idea, or a 
remote possibility. People's reactions to it are reactions 
to an abstract concept which is only defined in approximate 
terms. As the project progresses, the subject becomes 
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Figure 8: Dimensions of project success 
modelled more definitely in terms of drawings, schedules, 
bills etc. and reactions are more detailed, but still people 
are reacting to something which only exists as a model. 
Once on site, the subject is a dynamic production process, 
noisy, dirty and sometimes dangerous. Reactions will be 
heavily influenced at this stage by one's perception of the 
work-place. 
Upon completion of the building people are reacting to a 
new phenomenon, freshly painted and highly conspicuous. 
Ultimately the building blends in with its background, or it 
becomes an accepted part of the skyline, part of the 
environment of people, and again this is a stage which will 
produce its own perceptions. Eventually, the building will 
come to the end of its life and perceptions will now be of 
something which is to be disposed of. 
At each stage, the nature of that which is being 
considered is very different, so it is considered that a 
comprehensive scheme of evaluation would be hard pressed to 
relate all of these things together. 
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3.2.3 Categories of viewpoint 
The dimension of "viewpoint" is another aspect which is 
difficult to deal with in the review of building projects. 
Each person has their own perception,, or as some anonymous 
observer pointed out, "buildings are all things to all 
people". Differences of perception arise predominantly as 
a result of the position of the reviewer. Thus, the 
categories of owner, developer, project team, workforce and 
public each have their own viewpoint, all of which are 
valid. 
3.2.4 Criteria for success 
The final dimension is the problem of what to ask each of 
these groups, at each point in the building's life. Object- 
ives arise from the environment, and should be used for a 
proper assessment of success. Therefore, whatever criteria 
are used to measure success, they should fit into the 
categories of legal, financial, policy, technological and 
aesthetic; i. e. the micro-environmental factors. Within 
these there are sure to be a myriad of possible sub- 
divisions, and these should be made for each project, as 
appropriate, to a depth depending on the relative importance 
of each of the objectives. It is envisaged that the 
relative weightings between the five categories will be 
different for each group of people. Although there will 
also be variations within any selected group, these should 
be smoothed out by averaging, otherwise too much detail will 
be included. 
3.2.5 The evaluation of buildings 
For a meaningful comparison of different projects, all 
three dimensions should be taken into account. It is 
possible to conceive of a system where attributes within 
each dimension are ranked and given a relative weighting for 
particular project types. Questionnaires could then be 
devised which use a few questions for items with little 
relative importance, and more comprehensive questions for 
items with a high relative importance. The questionnaires 
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would be repeated at different stages during the life of the 
building, and the data generated fed back into client organ- 
izations so that their briefing processes would be improved 
on future projects. The most important feature of such a 
technique would be the extent to which it provokes crit- 
icism and/or praise. This would fill a tremendous shortfall 
in feedback found in construction projects. 
The detail of all three dimensions of the problem of post- 
occupancy evaluation is summarized in Figure 8. 
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Figure 9: A framework for building evaluation 
For the current study, it is sufficient to undertake a 
more limited view. Clearly, the problem of feedback on 
construction projects is a huge area of study, much of which 
is beyond the scope of the current work. For the purposes 
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of the current study, the evaluation of the project on 
completion is sufficient to shed light on the relative 
adequacy of a project's organizational structure. This must 
exclude the very laudable aim of improving buildings per se, 
because the aims of the current work are solely related to 
the improvement of organizational structure. Thus, the 
problem of changing manifestation is discounted since 
evaluations of relative success can be derived if the 
reviews are undertaken at the same stage in each project's 
life. It is felt that if a common base is used for the 
evaluations, and similar "blocks" from the "three 
dimensions" are used, then a sufficiently common basis is 
arrived' at for meaningful comparisons. If contributors from 
all categories of viewpoint are considered, then the review 
will be taking a whole "slice" from the three-dimensional 
block in Figure 9, rather than a single "block". It will be 
more rigorous than Walker's evaluations, which consisted 
only of the three aspects of time, cost and quality; with 
opinions elicited only from the project team and client: No 
attempt at quantification was made. 
3.3 ENVIRONMENT AND DIFFERENTIATION 
As stated previously, organizational structure should be 
contingent on the environment. Lawrence & Lorsch (1967) 
showed that a complex environment demands a high level of 
Differentiation. Previous studies in this area have not 
made a quantifiable connection between environmental 
complexity and organizational Differentiation, rather they 
asked key management personnel for their opinions (Lawrence 
& Lorsch, 1967; Walker, 1980). The complexity of the 
environment must be quantified if the organizational 
structure is to be related to it. The five Micro-environ- 
mental factors identified in section 2.5.2 (page 41) should 
be-analysed for each project. These environmental criteria 
are subject to variability of three different kinds. This 
stems from the relative degree of Definition of each 
- 65 - 
environmental aspect, its Stability,, and the ease with-which 
it can be Mitigated. These variables are discussed below. 
3.3.1 Definition of the Environment 
This variable describes how well-defined a particular 
environmental influence is. An important feature in ident- 
ifying the extent of the environmental influences will be to 
determine the degree of Definition of each type of environ- 
mental influence. A test of the Definition of the environ- 
ment could be to look at the extent to which the contrib- 
utors perceive the effects of environmental influences upon 
the project. This perception is the extent to which the 
contributors to a project acknowledge that there is an 
influence. 
3.3.2 Stability of the Environment 
Environmental factors tend towards either stable or un- 
stable. Also, the degree of Stability could change during 
the life of a long project. Stability may be thought of as 
a function of duration, since projects of longer duration 
will be more likely to experience changing environments. It 
may be useful to explore the relationship between duration 
and Stability; but this study concentrates on simply judging 
the degree of Stability of each environmental factor for 
each project under consideration. 
3.3.3 Mitigability' of the environment 
This variable is concerned with the extent to which 
environmental factors can be mitigated. This should 
indicate the extent to which it is in the power of the 
project team to mitigate adverse influences. Some factors 
may be unmitigable, and would thus have a far greater 
adverse effect upon the project (for example; unstable 
politics of the nation), whereas other factors could be more 
easy to mitigate (for example; the effect of technological 
1 
It is with reservations that a word like "mitigability" is used in this context, as it is 
slightly obscure. However, after consulting many dictionaries, two things are clear: Firstly, no 
other word describes the quality which something has when it is susceptible to mitigation; and 
secondly, "mitigability" is a correct English word in the Oxford English Dictionary. 
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complexity could be mitigated by employing suitably exper- 
ienced consultants). 
3.3.4 The ideal environment 
The ideal situation in terms of the preceding variables 
will be an environment which is Defined, Stable and 
Mitigable. Obviously, this situation would be very rare 
indeed and projects will suffer difficulties through the 
varying effects of each environmental variable. It is the 
task of the project management team to control the "trans- 
actions" across the project boundaries. In order to do this 
there must be a systematic method for providing clear 
descriptions of the environment. 
3.3.5 A new technique of environmental analysis 
Each of the variables as described would be impossible to 
quantify absolutely because of their inherent complexity and 
the amount of subjectivity involved in their assessment. An 
enormous multi-variate analysis would be needed to establish 
definite cause-and-effect links between the environment and 
the project, and this would call for a massive amount of 
data. The intention is merely to offer a common framework 
for descriptions of the environment, and to produce figures 
which are indicative of complexity in the environment. This 
will enable project managers, and project teams, to 
distinguish different project environments and hence 
differing demands upon the organizational structure. 
The framework offered for providing a description of the 
environment is based upon the Micro-environmental influences 
described previously, in section 2.5.2; i. e. legal, tech- 
nological, financial, aesthetic and policy. In the new 
technique each type of environmental influence is described 
in terms of both the nature and extent of its influence. 
These will then be quantified in terms of the variables 
Definition, Stability and Mitigability. 
The intention is to provide a quantitative indication of 
the distinguishing features of each project's environment. 
This is done by assigning a score to each of the Micro- 
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Table VII: Example of an environmental analysis 
ENVIRONMENTAL FACTOR: 
LEGAL/INSTITUTIONAL: English Law 
applied. Well-known Std Form of 
Contract was used. Familiar 
Condns of Engagement for external 
consultants. Each consultant had 
a counterpart in the Health 
Authority for liaison. 
TECHNOLOGICAL: The solution 
adopted involved non-traditional 
materials, some of which had to be 
imported from the continent. There 
was a very high services content 
for specialist equipment. 
FINANCIAL: Cost limits for the 
project were clear, but were 
subject to some changes over the 
years. 
Def Sts Mit Tot 
1135 
1 2 3 
1 3 3 
AESTHETIC: The design was 
aesthetically adventurous using 
large expanses of smoked glass 
which had to be specially 
imported from abroad. 12 
POLICY: There was conflict 
between various parts of the 
client organization which had to 
be resolved mid-way through the 
project. The objectives of the 
project were stable. 
2 
6 
7 
5 
1337 
E. C. I. S5 x6x 79 x5x 71 
0.2 
x 100 = 66% 
KEY: Def = Definition, Sta = Stability, Mit = Mitigability, Tot = Total. 
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environmental influences, for each variable. In order to 
ensure that the information given by this analysis is easily 
interpreted, it is suggested that the degree of detail 
should not be excessive. In view of this, only a three 
point scale is offered for each variable. This is based 
upon the ideal state scoring one, thus indicating that 
little attention is needed, and the worst case scoring 
three, indicating a high level of importance. Intermediate 
states score two. An example of an environmental analysis 
is given in Table VII. 
Each of the Micro-environmental factors is assessed, and 
the scores for the three criteria of Definition, Stability 
and Mitigability are added together. This gives a number 
out of a maximum of nine points for each factor. - It is 
clear that each environmental factor interacts with all` of 
the others, and it is felt that an arithmetic mean of the 
five factors would not take account of this complex 
interaction. If all of the five scores are multiplied 
together, and their fifth root taken, this gives the 
geometric mean. This is a better reflection of the inter- 
dependence of the environmental factors. The geometric mean 
is then converted into a percentage by dividing by nine (the 
maximum score per factor), and multiplying by one hundred. 
This gives the Environmental Complexity Index (ECI). 
The resulting figure is not an absolute value from which 
inferences can be drawn directly, but a relative value to be 
compared across projects. It will be noticed that the calc- 
ulation limits the possible range of results to 33-100. 
Since the results are only intended to be indicative and 
relative, this is not a problem. Once a large number of 
projects have been assessed using this measure, then some 
calibration could result in an absolute scale. This is 
beyond the scope of the present work wherein the intention 
is only to compare. 
3.3.6 Skill Diversity 
If the matching of Differentiation to the environment was 
taken to an extreme, it could ultimately produce within the 
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organizational structure a microcosm of the environment 
within which the project operates. This would be a precise 
matching of skills to environmental demands. Since tech- 
nology is the key variable in matching the complexity of the 
environment to the organizational structure (Woodward, 
1965), the diversity of skill types represents the amount of 
technological Differentiation. 
The discussion indicates that the most suitable organiza- 
tional structure results from this matching of Skill 
Diversity to environmental complexity. However, the 
organizational structure is not the only determinant of 
project success. The ideal organizational structure cannot 
guarantee success, but can only maximize the potential for 
success. The hypothesis that follows from this is: 
HYPOTHESIS (I) - IN ORDER TO MAXIMIZE THE POTENTIAL SUCCESS 
OF A PROJECT, THE ORGANIZATIONAL STRUCTURE SHOULD PROVIDE A 
LEVEL OF SKILL DIVERSITY THAT MATCHES THE ENVIRONMENTAL 
COMPLEXITY. 
The measurement of Skill Diversity will be a count of the 
number of operating System "Links" which show a Differ- 
entiation of skill. A Link in the Operating System exists 
when one person executing an operation has an information 
transfer with another. However, the result of this is that 
a finite index (ECI) is being compared to an absolute number 
(Skill Diversity). This is only going to give a relative 
measure between projects until- a sufficiently large number 
of case studies have been done to calibrate the analysis. 
Even so, it will be possible to use the data from this test 
in a limited way on a small number of case studies. 
3.4 DIFFERENTIATION IN THE OPERATING SYSTEM 
Although the project Operating System should be subject to 
Differentiation due to Skill Diversity, it should not suffer 
from Discontinuity. Accordingly, Discontinuity is defined 
as Differentiation which is not Integrated. The organiza- 
tional structure must make provision to overcome this 
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Discontinuity. "Integrating mechanism" is the phrase used 
to denote the provision made-to do this. 
3.4.1 Differentiation 
Walker (1980), examined every Link and quantified every 
possible permutation and combination of the four types of 
Differentiation. The quantification was ,a simple count of 
Operating System Links which were Differentiated; but the 
quantities were expressed in terms of each possible combin- 
ation of the four types. This generated a large amount of 
data which was difficult to interpret. The significant 
aspect of Differentiation is the extent to which it is 
present. In terms of environmental complexity (section 
3.3.5) the degree of Skill Diversity is required as an 
appropriate response to the environment. Due to the nature 
of the construction industry,, the provision of. diverse 
skills also results in high levels of secondary Differ- 
entiation. The combined effects of primary and secondary 
Differentiation need to be overcome. 
3.4.2 Overcoming the effects of Differentiation 
There are many Integrating mechanisms within -organ- 
izations: Hierarchy is the simplest device, and the most 
common. By this is meant the placing of interdependent 
units under one boss. The existence of rules, procedures 
and policies is another Integrating mechanism; as is 
participation in group decision making etc. (Khandwalla, 
1977). By far the most important aspect from the point of 
view of organizational structure is hierarchy, which 
Lawrence and Lorsch (1967) see as an individual approving 
the output of each contributor. Earlier studies called this 
Integration, and used the role of "Boundary Control" as the 
sole Integrating mechanism. This made no allowance for the 
differing levels of detail which they tried to encompass. 
3.4.3 Levels of Differentiation and Integration 
One of the distinctions made between levels of Differ- 
entiation is that-of inter-task Differentiation and intra- 
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task Differentiation (Walker, 1980). In`the terminology of 
the current study they should be referred to as` inter- 
Operational Differentiation and intra-Operational Differ- 
entiation respectively. These aspects are at different 
levels of detail, since the former is concerned with Links 
between operations, and the latter with Links between 
contributors within an operation. In terms of the operating 
System, attention must be concentrated on the intra- 
Operational level. Discontinuities between Operations and 
the corresponding need for Continuity of the Managing System 
are dealt with in section 3.7. 
Since the focus here is at the Operational level, the 
Integrating mechanism must be distinguished from an Integ- 
rating mechanism at the inter-Operational level. This was 
not done in earlier studies. It is done here-by using the 
term Co-ordination to describe the Integrating mechanism at 
this level: This is the Co-ordinating function within an 
Operation which ensures that each contributor is success- 
fully Integrating, through teamwork and interaction. 
In Walker's technique, Integration was also used to 
describe the involvement of the client with the process of 
building. This seems to be a confusing use of terminology. 
The client's involvement with the process should be analysed 
separately, in order to clarify the items being analysed. 
Thus it is proposed that Integration should not refer to the 
involvement of the client with the project team. The 
client's involvement will be dealt with separately in 
section 3.9. 
3.4.4 Co-ordinating 
The Integrating mechanism which is most. important in 
overcoming the adverse effects of intra-Operational 
Differentiation is Co-ordination. This is achieved either 
through the provision of a contributor in the role of 
Co-ordination, or through team-work. The hypothesis that 
stems from this is as follows: - 
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HYPOTHESIS (II) - IN ORDER TO MAXIMIZE THE POTENTIAL SUCCESS 
OF A PROJECT, DIFFERENTIATION OF THE OPERATING SYSTEM SHOULD 
BE MATCHED BY A CORRESPONDING LEVEL OF CO-ORDINATION. 
The test for this hypothesis will consist of identifying 
all incidences of Differentiation at the Operational level, ' 
and then checking to see how many of them are matched by the 
provision of a role occupant for Co-ordination. "Co-oper- 
ating" contributors are, already Co-ordinated because they 
are acting as a team, and should be excluded from the-test 
because they need no additional Co-ordination. 
3.5 OBJECTIVES 
As stated in section 3.1.1 (page 46), it is clear that 
objectives ought to form the basis for decision points, and 
that Feedback mechanisms must be provided to ensure that the 
objectives remain realistic and are being achieved. 
3.5.1 Project objectives 
It is the initial Policy Decision point at which the 
objectives for the project are first set. These will be 
usually vaguely defined in the earliest stages, and refined 
as more information becomes available to the client and 
project team. The major purpose of organizational analysis 
is to examine the extent to which an organization achieves 
its objectives. 
3.5.2 Sub-system goals related to decision points 
To quote Walker (1984), an important duty of the project 
manager is to ensure that the objectives of the client are 
accurately and clearly stated and that all contributors to 
a project remain orientated to them. In order to keep the 
contributors orientated toward the overall project 
objectives, the trigger decision for each stage of work 
establishes objectives for the stage. 
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3.5.3 Feedback 
It is clear that objectives must be linked to adequate 
Feedback mechanisms. As Leavitt & Mueller (1951) demonst- 
rated, performance improves when the results of performance 
are known. Without Feedback there is little learning. To 
improve our effectiveness we must have Feedback on the 
effects of our efforts. Therefore the most important aspect 
of organizational objectives is the provision of Feedback 
mechanisms. This will ensure that objectives are relevant 
and achievable. 
The people responsible for setting objectives must not be 
so remote from the ensuing work that they cannot revise the 
objectives if necessary. Therefore, they must be present in 
the Managing System at each Operation. In this way, 
Feedback will be embodied within the project's control 
structure as part of the cycle of observation, comparison, 
correction. The objectives form the yardstick against which 
progress can be measured, and they form the basis of 
effective decision-making. 
The project organization can only make appropriate changes 
to objectives if an adequate Feedback structure exists. The 
hypothesis that arises from this is: 
HYPOTHESIS (III) - IN ORDER TO MAXIMIZE THE POTENTIAL 
SUCCESS OF A PROJECT, THE ORGANIZATIONAL STRUCTURE SHOULD 
PROVIDE ADEQUATE FEEDBACK LOOPS. 
The method of ascertaining the extent to which this cond- 
ition is being met is to identify the personnel who are 
responsible for the trigger decision at the start of each 
stage of work. Within the Operations of that stage of work, 
the trigger personnel need to retain some sort of partici- 
pation, in order that objectives can be matched to actual 
progress, and adjusted where necessary. Thus, the condition 
to be examined is the incidence of trigger personnel within 
each Operation. 
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3.6 CONTROL 
Control has been defined in section 3.1.2 (page 47) as the 
process of observing, comparing and correcting. In combin- 
ation these three things regulate the performance of work 
and ensure that Activity remains orientated towards the sub- 
system's objectives. The application of this principle at 
the operational level results in the Control System which 
consists of the roles of Monitoring, Supervising and 
Resourcing (MSR). 
The control process at Strategic Decision points is 
achieved through the roles of Directing, Recommending and 
Approving (DRA). Because of this, it would be unreasonable 
to expect the incidence of the MSR roles at decision points. 
It could be argued that in the early stages of the develop- 
ment of a project, and at major decision points, the work is 
undertaken by senior personnel who are too senior to warrant 
control. Perhaps this is so, but the provision of control 
mechanisms would not hinder the work, or prevent it from 
taking place; it would merely ensure the suitability of the 
output of each stage by making changes to either the output 
of the sub-system, or to its objectives. Since there are 
certainly different levels of control, then for the purposes 
of measuring the extent of control, the decision points 
should be analysed in terms of the DRA roles, and the 
Operations in terms of MSR roles. 
3.6.1 Control cycle 
The combination of the various roles produces the control 
cycle, and leads to the fourth hypothesis; 
HYPOTHESIS (IV) - IN ORDER TO MAXIMIZE THE POTENTIAL SUCCESS 
OF A PROJECT, THE ORGANIZATIONAL STRUCTURE SHOULD PROVIDE 
CONTROL MECHANISMS. 
This hypothesis can be tested by counting in each oper- 
ation the presence of the MSR roles, and in each decision 
point the presence of the DRA roles. In each case, each one 
of the set of three will count as one third of the control. 
Although this is a crude measure, it is easy to quantify, 
and can be expressed as a percentage of all Operations. 
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3.7 CONTINUITY OF THE MANAGING SYSTEM 
Walker's hypotheses included a test which he named 
"Differentiation of the Managing System itself, between 
tasks". This test was concerned with Discontinuities in the 
Managing System. A Discontinuity occurs when a change in 
the Managing System creates Differentiation in the Managing 
System. Since the Managing System ought to be Continuous 
(Miller & Rice, 1967), the term "Continuity" is used to 
express this concept. By avoiding the use of the term 
"Differentiation" in this hypothesis, confusion with earlier 
hypotheses is avoided. 
3.7.1 Operating System 
It is expected that there will be Discontinuity in the 
Operating System, because Differentiation should be present 
to a certain extent, contingent upon the environment. These 
Discontinuities between work packages need to be overcome by 
the Managing System. 
3.7.2 Managing System 
The` Managing System will be providing the effort to 
overcome the effects of Discontinuity- in the Operating 
System. However, although advisable, it is rarely possible 
to sustain a Continuous Managing System over a long period 
of time: i. e. even though the Managing System may provide 
mechanisms for combining the Discontinuous operations, this 
mechanism may itself be subject to Discontinuity. This may 
be brought about by the lack of provision for this mechanism 
at key points in the project. Alternatively it may simply 
be brought about by a senior member of the project team 
leaving to work elsewhere. 
-3.7.3 Directing 
'In Walker's terminology, "Boundary Control" was the role 
which was provided by the Managing System' to overcome 
Differentiation either within or between 'tasks. This 
approach is inadequate because the data- did not -provide'; a 
1distinction between the different demands- of inter-task 
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Integrating mechanisms and intra-task Integrating 
mechanisms. All Integration was provided by a single 
role-occupant in "Boundary Control". In the terminology 
developed in section 3.4, and that in Table VI,, the role 
which overcomes the effect of Discontinuity is Directing. 
This has already been defined as "the executive responsi- 
bility for ensuring that the output of Operations is 
orientated towards the objectives" (see Table VI, page 56). 
The Continuous provision of this role is the organizational 
structure's mechanism for overcoming the adverse effects of 
Discontinuity. This leads to the next hypothesis: 
HYPOTHESIS (V) - IN ORDER TO MAXIMIZE THE POTENTIAL SUCCESS 
OF A PROJECT, THE ORGANIZATIONAL STRUCTURE SHOULD ENSURE 
CONTINUITY OF THE MANAGING SYSTEM. 
The way to test this hypothesis is to examine each 
inter-Operational Link for Discontinuity. If the Operating 
contributor should change, then the Directing contributor 
should be the same at both ends of the Link. If this is not 
the case then there should be some higher managing position 
which is continuous across the Link. Each Link can be 
examined in this way, and the test can be expressed as the 
percentage of Links in which the condition is true. 
3.8 DUPLICATION 
This hypothesis is also based on one of Walker's, which he 
called "Differentiation of the Managing System itself, 
within tasks". Since the test for this hypothesis was to 
look for duplication of Managing System roles, it would aid 
clarity to name this concept "Duplication". Walker tested 
this by examining each "control loop" for duplication of 
roles. (In Walker's model, the "control loop" refers to the 
Managing System for a particular operation. ) In the-new 
model, the Control System is at a level between the oper- 
ating and Managing Systems. There may well be very good 
reasons for Duplication at the level of Control., - For 
example, during construction, the clerk of works may monitor 
progress on behalf of the client and the site agent may 
-n- 
Monitor progress on behalf of the contractor. Although 
these two roles are similar, they both need to be exercised. 
In Walker's model there was no allowance for this. 
The hypothesis should only be concerned with the roles in 
the Managing System, i. e. Directing, Approving and Recomm- 
ending; as well as with Co-ordination, which is the inter- 
face between the Control and Managing Systems. The sixth 
hypothesis then is: 
HYPOTHESIS (VI) - IN ORDER TO MAXIMIZE THE POTENTIAL SUCCESS 
OF A PROJECT, THE ORGANIZATIONAL STRUCTURE SHOULD HAVE NO 
DUPLICATION OF MANAGING EFFORT AT THE STRATEGY LEVEL OR 
ABOVE. 
To test this hypothesis, each operation should be examined 
to see if there is any Duplication of the four roles stated. 
The other tests are expressed in terms of the proportion of 
Operations which exhibit the ideal state. In order to be 
consistent with this, this test will be expressed as the 
number of Operations without Duplications. Therefore, the 
test is referred to as "Non-duplication" in the results. 
3.9 CLIENT INVOLVEMENT 
The concept of "client" was very straightforward in 
Walker's work because his case studies were all in the 
private sector. In each case it was possible to identify a 
single client. The methodology consisted of identifying 
"Primary Integrators". One of these was drawn from the 
project team, and the other was drawn from the client's 
organization. This provides a clear point of contact and 
offers the client clear opportunities for participating in 
the management of the project. 
In the public sector, the situation is not so clear. It 
is rare to be able to define one Primary Integrator from a 
public sector body. Often the client body has "in-house" 
teams of consultants who each Monitor the work of their 
counterparts in the project team. The "client" then becomes 
a: ýproject organization in its own right, closely matching 
Scott's (1981) description of "an opportunistic collection 
of divergent interest groups temporarily banded together". - 
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There are different ways of describing the client of a 
construction project. For example, in civil engineering 
they seem to overcome the problem of loosely defined clients 
by identifying a "Promoter" of a project, who essentially is 
the person providing the cash (Thompson, 1981). The BPF 
proposals envisage a "Client's Representative" as taking 
this role. Problems arise in the public sector, as we shall 
see, when there is little definition of roles in the client 
organization, and complicated controls over expenditure. 
3.9.1 Quality of client involvement 
Walker's treatment of client involvement was very complex. 
It required six different conditions to be tested. Whilst 
this provided detailed data about the quality of client 
Integration, the detail could be reduced. The quality of 
information generated by a simpler test would still be 
useful in the analysis. It is proposed to simply examine 
each Operation for the presence of client personnel. The 
Integration of the various client groups is the respons- 
ibility of the client's internal organization. 
Brauer & Preiser (1976) studied the effect of organ- 
izational form on the identification of user requirements. 
They found that it was typical for buildings to be designed 
according to the requirements of those who pay for them. In 
the public sector it is usual for these people to be 
different from the end users. 
3.9.2 Measuring types of client involvement 
Because of the problems associated with distinguishing 
different component parts of the client organization from 
each other, only one type of client involvement can be 
measured. That is to examine each Operation for the 
presence or absence of client personnel. This leads to the 
final hypothesis: 
HYPOTHESIS (VII) - IN ORDER TO MAXIMIZE THE POTENTIAL 
SUCCESS OF A PROJECT, THE ORGANIZATIONAL STRUCTURE SHOULD 
PROVIDE OPPORTUNITIES FOR CLIENT INVOLVEMENT AT, EVERY STAGE. 
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3.10 SUMMARY OF THE HYPOTHESES AND THE NEW MODEL OF THE 
CONSTRUCTION PROCESS 
Organizational structure is the factor that relates the 
project to the environment within which it operates. A 
description of the organizational structure would consist of 
identifying and describing the following; 
(a) the environment of the project; 
(b) the objectives of the project; 
(c) the Control Systems to be used; 
(d) the incidence of decision points; 
(e) the tasks to be undertaken; 
(f) the relationships of the tasks to each other; 
(g) the relationships of the contributors to their tasks; 
(h) the relationships of the contributors to each other. 
The research model provides a whole picture of the 
building process. Basically, the project arises as a 
response to environmental demands on the client's organ- 
ization. The aim of the project is to effect some sort of 
change in the environment. A systematic analysis of the 
environment of the project will enable correct identific- 
ation of the objectives of the project. The organizational 
. structure translates the project objectives into work to be 
done. The effectiveness of the organizational structure can 
be gauged by assessing the extent to which project 
objectives have been met. 
In order to maximize the potential success of a project, 
the organizational structure should: - 
(a) provide a level of Skill Diversity that matches the 
environmental complexity. 
(b) ensure that Differentiation of the Operating System is 
matched by a corresponding level of Co-ordination. 
(c) provide adequate Feedback loops. 
(d) provide proper Control mechanisms. 
(e) ensure Continuity of the Managing System.. 
(f) have no Duplication of the Managing System at the 
Strategy level or above. 
(g) provide opportunities for Client Involvement at every 
stage. 
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CHAPTER FOUR: DATA FORMAT 
Establishing the appropriate data format is a fundamental 
aspect of the analysis. The hypotheses have been estab- 
lished, and, in order to test them, the data must be 
recorded in such a way as to facilitate their analysis. 
This chapter examines the development of approaches taken to 
the presentation of data about organizational structures, 
and a new format of data presentation is proposed. This 
represents roles, responsibilities and relationships, and is 
called a "3R" chart. 
4.1 CHARTING TECHNIQUES 
A variety of charting techniques exist in the literature. 
They are discussed in turn below. 
4.1.1 Traditional organization charts 
Traditionally, organizations are described with the use of 
pyramid organization charts. A typical example is shown in 
Figure 10 which shows the hierarchical responsibilities 
within a particular organization. The advantages and dis- 
advantages of their use are discussed in many standard 
management texts (e. g. Terry, 1964). Details of their 
preparation and use are given by Allen (1959), and their 
limitations are summed up concisely by Dale (1973); "the 
chart ... shows who has authority over whom, but it does not 
show the extent of that authority or the duties each person 
in the organization is expected to perform, except insofar 
as duties are implied by'Job titles". Thus, the traditional 
organization chart shows only authority relationships and as 
such is a graphical portrayal of the traditional' school of 
organization theory (Cleland & King, 1975). 
The major drawback with this type of organizational chart 
iss the vast amount of additional text needed ., - to -fully 
describe an organization's structure. This' is' usually 
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General Manager 
Asst Gen Manager 
Control 
Manager 
Sales Prod'n Industr'l Develop't 
Manager Manager Reis Mngr Manager 
Seaboard Seaboard Minnesota 
Plant Sales Plant Prod Plant Mgr 
Dept Mgr Super- 
intendent 
Sales Seaboard Sales Prod'n 
Districts Plant Dept Dept 
Managers Finance Mgr Super- 
Dep Mgr intd't 
Brooklyn 
Clifton 
Newark Seaboard F- 7 Plant 
Plant Chem Finance Ind'l 
Engineer Dept Rels 
Mgr Dept 
Mgr 
Figure 10: A typical traditional orqanization chart 
(after Allen, 1959) 
incorporated in organization manuals which accompany the 
charts. As Cleland & King (1975) state, this renders it 
impossible to undertake a meaningful structural analysis due 
to the problems of semantics in the organizational manuals. 
A sign of the acceptance of traditional organization 
charts, with all of their inherent problems, is the way in 
which contemporary writers still use them as the main 
vehicle for expressing organizational relationships. The 
Chartered Institute of Building (1980) for example, use the 
traditional style of chart and add various line types to try 
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and explain different types of building management organ- 
izations. Contractual relationships are shown as well as 
authority relationships. The charts need extra text to 
explain and clarify the organizational structure, and as a 
result, the explanatory text is often more bulky than the 
figure. There is little basis for comparison or analysis in 
such a chart. 
4.1.2 Matrix-type charts 
The shortcomings of the traditional chart were similar to 
the shortcomings of classical organization theory, in that 
they dealt only with authority. As ideas about organ- 
izational structure developed, so the organizational charts 
were shown to be more unsuited to the description of organ- 
izations. Although "matrix-management" structures can be 
indicated using a hierarchical chart, as in Figure 11, 
clearly a new graphical approach was needed. The problem 
was that whilst a traditional organizational chart described 
management hierarchy, it did not indicate the contribution 
that each job position made to the organization's task. The 
"matrix-management" approach needed a new type of chart. 
The chart which emerged shows functional responsibility 
vertically, and task responsibility horizontally, with 
relationships shown at the intersections; it is discussed in 
section 4.1.5. 
4.1.3 Networks and critical path diagrams 
One possible model for viewing the work done in temporary 
organizations is the group of techniques known as PERT and 
Critical Path Networks. These techniques were developed for 
the management of large, complex, unique and novel projects. 
Their development is documented exhaustively in a variety of 
sources (for example von Scifers, 1972). Whilst they can be 
very useful for the planning of projects they are of little 
use in terms of analysing organizational structure. Their 
purpose is the analysis of operational dependency, -resource 
scheduling and work flow. They deal with- the detailed 
aspects of the operating system at the greatest level of 
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detail, rather than the interactions between the people 
doing the work, or the managing and control systems. 
GENERAL 
MANAGER 
Product 
Management Engineering Menu fact urIng Marketing 
Product Product Elect- Mach- Fabric- Ass- Prorn 
Line 1 Llne 2 rlcal anlcal etlon embly orlon Sales 
Sub - Sub - Sub - Sub - Sub - Sub - 
prod. 2 prod. 2 prod. 2 prod. 2 prod. 2 prod. 2 
Technical authority over product 
Formal authority over product 
Fiqure 11: Traditional chart showinq a matrix oraanization 
(after Galbraith, 1980) 
4.1.4 T. R. E. N. D. 
An interesting development of networking techniques was 
made by von Scifers (1972) who introduced an approach known 
as TREND (Transformed Relationships Evolved from Network 
Data). This requires as a necessity a network analysis for 
any project under consideration. Its major disadvantage is 
the need for a detailed network diagram from which to 
analyse the project. The technique does not adequately 
explore the qualitative aspects of the interactions between 
the people contributing to the project and their tasks. 
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Figure 12: An example of a Linear Responsibility Chart 
(Source: Larke, 1954) 
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4.1.5 Linear responsibility charts 
The most useful graphical portrayals of the relationships 
between tasks and people is the Linear Responsibility Chart 
(LRC) which is a specific development of the "matrix-type" 
approach. An example is given in Figure 12. It emerged 
during the 1950's; for example it was mentioned by Larke 
(1954), where it was described as a new tool for executive 
control. Even there, it was described as being developed 
from a more complex technique that had been originated by 
Serge A. Birn, a European Management Engineer. It has 
occurred in various guises since then. Although it has 
never been used as widely as traditional organization 
charts, it evokes powerful support from many theorists; e. g. 
Karger & Murdick (1963), Cleland & King (1975), Dinnat & 
Murphree (1978), etc. 
An extremely important aspect of this type of chart is the 
way in which different writers categorize the work that 
takes place (or the roles that contributors assume) within 
an organization. This is represented by symbols at the 
intersections of the matrix. Each writer seems to have 
evolved their own sets of symbols to suit each specific 
application of the technique. ' Clearly there is a need to 
group together various kinds of contributions, and the 
degree of detail used will be entirely dependent on the type 
of analysis being undertaken. For example, Cleland & King 
(1975) show a LRC which only has four types of contrib- 
ution, viz; execution, consultation, management and control. 
They also show a chart which has a larger number of `roles. 
The example in Figure 12 from Larke (1954) describes 8 
functions. Melcher (1969) describes seven roles, along 
similar lines, and Walker (1980) describes eleven, which are 
more specific than these. These few examples serve'to show 
the varying levels of detail to which such an analysis can 
'be taken. 
The use to which these charts are put is clearly described 
by Cleland & King. They show the steps necessary to create 
achart which would reflect the current organizational 
'situation. This they call a "descriptive" LRC. The 
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analysts then produce a "normative" LRC which would show, an 
idealized picture of what the organization ought to be. 
These two are then used as vehicles to promote discussion 
between managers and analysts to produce the "consensus" 
LRC. - This depends on an objective comparison between the 
descriptive model and the normative model. It must be done 
by the managers with the aid of analysts. The authors state 
that the actual codes which represent the relationships in 
an LRC are decided upon for each analysis by discussion 
between the analyst and the people whom the chart is 
intended for. Other than that, no guidance is given on the 
selection of the role set. 
One criticism of LRC is that while it does reveal a task 
breakdown of the work to be done, and the interrelation- 
ships between the people and their tasks, it does not show 
the precedence of the tasks. Also, it does not purport to 
show the informal organization, which is often thought to be 
every bit as important as the formal organization. However, 
the study of informal organization is not within the purview 
of a study of organizational structure. 
4.1.6 Linear responsibility analysis 
The LRC technique was the basis of Walker's analysis 
(1980). His adaptation rested on stressing the input and 
output nature of each task, a technique derived from Cleland 
& King (1975). They transformed the information from an LRC 
by showing each task as a sub-system in its own right, and 
superimposing the management structure or control loop on 
top of it. In this way, they produced what appeared at 
first glance to be a hybrid between networks and LRCs. This 
new type of chart was termed Linear Responsibility Analysis 
(LRA). Walker (1980) developed this further when he added 
data about differentiation, and feedback loops. Using this 
approach, Walker analysed three building projects in terms 
of the extent to which they matched organizational theory, 
particularly contingency theory and differentiation/integ- 
ration theory. He was also able to plot the changing 
management structure throughout each project. - 
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Key: A-Did the work, B-Approved, C-Recommend, D-General oversight, E-Direct oversight, F- 
Boundary control, G-Monitoring, H-Maintenance, I-Consultation (instructions), J-Consuttation 
(advice), K-Output notification mandatory 
Differentiation: 
Tt-Technology, T2-Territory, T3-Time, St-Sentience (profession), S2-Sentience (Company) 
Interdependence: ---- Reciprocal, Sequential 
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Figure 13: Sample part of a Linear Responsibility Analysis 
(Source: Walker & Hughes, 1984) 
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An example of part of an LRA is shown in Figure 13. The 
operating system is identified as the series of tasks, 
connected by the lines with arrow heads showing sequential 
interdependence, and broken lines showing reciprocal inter- 
dependence. Decision points are shown as interrupting the 
operating system, and each decision point has a feedback 
loop to previous decisions. Over the top of each task box 
is a series of further boxes which Walker called "control 
loops". These represent the managing system. Each cont- 
ributor is shown in relation to the others, and the roles 
which they undertake are represented by symbols. To the 
left of each task is shown the input. This will consist of 
links from previous tasks, as well as any contributors in 
either of the roles of consultation. The links between 
contributors are marked up with the nature of the differ- 
entiation between the people at each end of the link (T1, T2, 
T3, S1 & S2; representing technology, territory, time, 
sentience by profession and sentience by company respect- 
ively). 
This technique is an excellent illustration of the 
complexity of the information being handled by the analysis. 
The advantage of LRA is also its undoing. It shows the 
general picture as well as all of the detail on one chart. 
This is useful as long as the size of the chart is within 
acceptable limits. However, the size of the chart seems to 
be proportional to the complexity of the project. For the 
projects in the private sector that Walker studied, the 
charts produced were in the region of 2 in by 1m when drawn 
up, and were therefore rather bulky. Although. it is 
possible to reduce these reprographically, the text becomes 
so small it is very difficult to read. - Attempts were made 
to produce such a chart for the public sector projects used 
in the current study, but the physical, problems proved 
insurmountable because the charts for these projects would 
have been 7mx2m. The size of paper is simply not 
available, neither are the flat surfaces available inmost 
offices large enough, to draw or display a chart this large. 
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Clearly, if °LRA is to be used regularly, the graphical 
portrayal of the information needs to be reconsidered. 
4.1.7 3R charts 
The advantages of LRC charts are clearly manifold. It is 
intended to harness these advantages and at the same time 
overcome some of the problems inherent in them. Walker 
attempted to overcome the disadvantages of LRC by adding to 
the way in which the information was presented. His tech- 
nique (LRA) is the most comprehensive graphical portrayal of 
temporary organizational structures. Unfortunately, it is 
the very comprehensiveness which renders it too unwieldy to 
use for large projects. 
In order to handle the data for a large project, it is 
necessary to dismantle it into a series of inter-related 
components. The first step, is to separate the general 
picture from the detail. A "top-down" systems view involves 
identifying the general picture first in coarse detail, then 
analysing each of the elements thus identified in further 
detail. Taking such a view, information at the general 
level about a project would be the decisions that form the 
triggers and termini for systems of activity, and the 
disposition of the operations in- relation to each other. 
With this in mind, the starting point for a graphical 
portrayal of a project organization should be a, schematic 
which only displays the overall relationships between 
decisions and operations. An example of such a schematic is 
shown in Figure 14. This shows the overall disposition of 
the operations and decisions relative to each other, and 
represents the same project as Figure 13 for comparison. In 
this way the information from LRA charts about the relation- 
ships between the operations is dealt with. 
The model developed in the preceding chapter shows that 
projects can be split into seven stages common to all 
projects. Information within each stage can be displayed on 
its own diagram. This will give a series of charts cont- 
aining the detailed information, with the overall schematic 
showing how it all links together. This separation of 
- 90 - 
levels of detail is 
the key to over- 
coming the diff- 
iculties with LRA ; 
charts. D14D 
In this way, 3J 
techniques of 
precedence diag- D Decision 
rams are added to -ý Sequential dependence 
techniques of LRC -"" Reciprocal dependence 
diagrams to produce 
a new approach. 
Additionally, it is Figure 14: Sample schematic pre- 
cedence diagram 
essential that the 
roles are displayed 
at the intersections of the matrix, so a system of symbols 
portraying the roles defined in Table VI (page 56) is 
required. Many of the writers already mentioned use symbols 
of one form or another. They all use different symbols, 
some use graphical icons, others use printer's marks, others 
use numbers or letters. Generally, these symbolic codes are 
confusing because the symbols chosen are often totally 
arbitrary and bear no relationship to the roles which they 
are intended to represent. 
There is no guidance in the literature on the selection of 
symbols, and directories of graphical symbols (e. g. Arn- 
stein, 1983) do not consider this to be an issue worth 
covering. Therefore yet another system of symbols needs to 
be proposed; but it is hoped that the reasoning behind the 
choice of these "visual puns" may help to establish some 
sort of pattern in future studies. At the very least, they 
are more memorable than the apparently random symbols of 
previous analysts. The symbols are shown in Table VIII, 
together with the reasons for their choice. 
The proposed charting technique combines information about 
roles, responsibilities and relationships. Since these 
words all start with "R" the chart is referred to as a "3R" 
chart. 
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Table VIII: Symbols for role representation 
Role: Symbol: Explanation: 
Operating * The star contributor 
Co-operating + Adding to the work being done 
Consulting - Putting information & advice in 
Receiving > Welcoming information with opened 
arms 
Resourcing = Ensuring that the operator is equal 
to the work 
Monitoring © Keeping an eye on progress 
Supervising 1 Staying on top of the work 
Co-ordinating- Pulling the diverse orientations 
together 
Directing 0 Ensuring the whole is orientated 
toward the client objective 
Recommending t making a decision, and/or passing 
recommendations up the hierarchy 
Approving  Approving a recommendation 
The most detailed information on Walker's LRA charts was 
that concerning the various types and mixes of different- 
iation. The proposed format of 3R charts does not show this 
information explicitly, but it is easily derived upon obser- 
vation of the chart. However, the proposed analysis does 
not examine types of differentiation. Hence the user of the 
chart is not faced with too much information at once. 
To summarize, the form of a 3R chart will be a matrix, 
with activities down the left hand side, job positions 
across the top, and role symbols displayed at the inter- 
sections. Each activity is related to the others via a 
precedence diagram at the top left hand corner, and one 
chart is used for each stage of work. An example of a 3R 
chart is given and discussed in the next section. 
4.1.8 Example of a 3R chart 
Figure 15 shows an example of the 3R chart. The example 
shows one stage of work, the intention being that each stage 
of work is shown on its own chart. The role symbols are 
entered at the intersections in the matrix and the key 
explains their meaning. An additional symbol appears at 
some of the intersections, the double arrow symbol. This 
represents the situation where an operating System Link 
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Figure 15: Example of a 3R chart 
occurs because information is being transmitted from one 
operation to another. These links can be found by inspect- 
ing the precedence diagram, but the interpretation is 
simplified by the use of this symbol in the matrix. 
In the top left hand corner of each 3R chart is the 
relevant portion of the precedence diagram, showing the 
stage of work under consideration, to highlight the depend- 
encies between the activities. 
By comparison with Figure 13, the 3R chart presents the 
same information in a more concise format. The respons- 
ibility of each contributor in the stage of work is repres- 
ented in total by each vertical column, and the interactions 
within each operation are shown on a row. The changing 
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pattern of management is clear when the patterns of symbols 
are inspected, and the whole is not cluttered by a high 
level of detail. Another advantage of this new format over 
LRA charts is that the contributors from similar interest 
groups can be grouped together. 
The managing system is not as clearly superimposed upon 
the operating system in 3R charts as it is in LRA charts. 
This is no real disadvantage because the role symbols are so 
clear that inspection reveals the control and managing 
systems with no difficulty. 
4.2 DESCRIPTION OF PROJECT DATA 
The 3R charts as described provide the basis for the 
analysis of the hypotheses. The data is collected through 
case studies. In order to fully describe a construction 
project so that the charts can be drawn, a range of sources 
of project information need to be investigated; including 
project files and interviews with key personnel. The charts 
do not describe the project in terms of environments and 
outcomes, therefore certain other items of information are 
needed. This section describes data sources and the full 
extent of the information needed to define a project compre- 
hensively. 
4.2.1 Project outline 
The project outline will describe the purpose and objec- 
tives of the project; the nature of the client; the tend- 
ering and contractual procedures adopted; and the price and 
duration of the project. It will be useful to provide an 
anecdotal description of the management structure adopted 
on the project as an introduction to each case study. 
4.2.2 Environmental analysis 
The starting point in the analysis of a construction 
project will be to analyse the project's environment. 
The environmental analyses may be undertaken in two ways. 
Initially a qualitative description is needed, following the 
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pattern set down by Walker. This provides a basis for 
understanding much of what transpires on each project. As 
an indication of the circumstances surrounding each project 
it can be invaluable. However, it may not contribute 
sufficiently to the aim of relating skill diversity to 
project complexity. For this a quantitative technique is 
required so that comparisons can be made between different 
projects. The technique developed in chapter three must be 
applied to the project so that the environmental complexity 
can be evaluated. 
11.09.73 - Regional Hospital Board seeking committee 
approval to new cost limit. 
26.09.73 - Provisional cost limit of building costs 
by nominated QS. 
16.10.73 - Hospital committee request minor modif- 
ications to sketch plans (serving hatch). 
20.10.73 - Building & Works Committee on behalf of 
the regional hospital board approve the sug- 
gested appointment of structural engineers. 
02.11.73 - Structural engineering consultants app- 
ointed by hospital management committee. 
17.12.73 - Structural engineering consultants report 
on trial pit investigations of site calling 
attention to the need for removal of trees. 
05.04.74 - Amendments to room data sheet no. 29 by 
regional health authority. 
16.04.74 - Final room data sheets from regional 
health authority. 
17.04.74 - Commence preparation of revised estimated 
cost by nominated QS. 
11.06.74 - Complete preparation of revised estimated 
cost by nominated QS. 
11.06.74 - Preliminary 1: 100 working drwgs submitted 
to regional health authority by architects. 
10.09.74 - Plans submitted to Fire prevention dept. 
11.10.74 - Approval of estimated cost by regional 
health authority. 
15.10.74 - Detailed drawings in preparation. 
31.10.74 - Clarification of certain details to fire 
prevention department by architects and request 
for elucidation by them on their comments. 
Figure 16: Example portion of a detailed nroiect diary 
4.2.3 Project diary 
For each case study a project diary must be compiled. 
This will be a list of items of communication, showing the 
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date, who it is from, who it is to, and a brief description 
of the content. The richest source of data will be the 
project files in the architects' offices. Events prior to 
the architect's appointment may be traced in the client's 
offices. For events after architect's 'appointment, the 
clients' files can be used along with those from the 
consultants' offices for corroboration and further detail. 
An example of part of a project diary is shown in Figure 16. 
In addition to this list will be a list of contributors. 
Progressing through the correspondence files it should 
become possible to ascertain, for every contributor, their 
job position, the company for whom they work, their skill 
type and the extent and duration of their involvement. 
4.2.4 Interviews 
The interviews can be conducted after the project team 
have been identified from the correspondence files. Each of 
the major contributors should be interviewed, to identify 
their perceptions of the project and the way it was organ- 
ized, as well as their view of the success of the final 
building. This part of the data collection is based on 
Walker's approach. In all cases, the client's major 
representative(s) should be interviewed, as well as the 
project team. In order to ensure that the researcher has 
correctly interpreted what the interviewee says, the 
interviews should be recorded on tape and transcribed 
verbatim. The transcription can then be sent to the 
interviewee so that they can confirm that it is an accurate 
record of what they have said. The information from the 
interviews is important to get an insight into the cont- 
ributors' perceptions of the project and the way in which it 
was organized, as well as their view of the success of the 
final building. 
4.2.5 3R charts 
Although the interviews are a good source of information, 
the main source of information for the compilation of the 
3R charts is the project diary. From this the involvement 
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of the contributors in the decisions and operations can be 
identified and the list of operations drawn up. Initially, 
each of the operations should be dated, start and finish, to 
aid in the allocation of roles-to contributors and check the 
chart against the project diary. Since the dates are not 
needed for the analysis, they need not be presented on the 
final charts. 
4.2.6 Post-occupancy evaluation 
The next category of information is that which enables an 
assessment of the level of success of the project. The 
level of success is used to put the adequacy of the project 
organization into perspective. Data about the reactions of 
people to the building need to be collected using methods 
appropriate to each group of people. The people to be 
questioned can be seen as falling into the three categories 
of Project Team, Workforce and Users. The project team (and 
client) will be interviewed and asked directly about their 
reactions to various aspects of the building. The users and 
workforce can be examined by questionnaire survey, because 
of the large number of people involved. The questionnaires 
to be used should be based on the criteria laid down in 
section 3.2. 
4.2.7 organizational analysis 
The final category of information is the quantification of 
the effectiveness of the project organization according to 
the hypotheses laid down in chapter three. Each hypothesis 
must be taken in turn and tested according to the criteria 
laid down in chapter three. It is intended to seek some 
sort of rationalization between any observed shortcomings of 
the project organizational structure, and the achieved 
outcome of the project. This can be done by examining the 
project records to try to determine at precisely which stage 
particular courses of action were chosen, resulting in the 
observed project deficiencies. This process will give an 
insight into the effects of organizational structure. 
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4.3 CASE STUDIES 
To test the model, four case studies were undertaken. 
They were chosen to typify the range of public sector 
projects in the UK. The case studies are examined in the 
next four chapters. 
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CHAPTER FIVE: ANALYSIS - CASE STUDY A 
The first case study is described according to the data 
format outlined in section 4.2, and tested against the 
hypotheses. To avoid repetition, this chapter contains more 
detail than the remaining three case studies (in the next 
three chapters). 
5.1 PROJECT DESCRIPTION 
5.1.1 Outline 
The project was a kitchen/dining room extension for a 
hospital in Northern England. The site was a piece of land 
in the grounds of the existing hospital. 
The tender sum was £911,000 at 1979 prices. The duration 
of the contract was 26 months. Being a' health authority 
project, the management of the project was performed 
in-house, using external professional consultants for 
architectural, quantity surveying, structural engineering 
and services engineering work. Each consultant had a 
counterpart within the health authority. 
5.1.2 'Objectives 
This project suffered from mildly conflicting objectives. 
Most of the project team included the phrase "provision of 
a new catering facility" as part of their objectives. Some 
people saw this as secondary to providing basic health-care. 
Others saw it as instrumental in providing health care., one 
of the project team saw the objective simply as: "to replace 
existing outdated facilities". These examples, show the 
range of-objectives discovered by the interviews. - 
5.1.3 Project history 
The project was first mooted when the existing facility 
was, declared as being inadequate in April 1964. " During 1967 
various changes of use of certain rooms were. broughtüabout 
to help to relieve the pressure on the catering: facility, 
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taking care not to jeopardize health care services in the 
hospital. This clearly demonstrated that the catering was 
a relatively low priority at that time. 
In August 1967, various alternatives were being discussed 
between the catering departments and the architects within 
the hospital board, and in March 1968 the option to increase 
and upgrade the existing facility was chosen. The scheme 
was given a cost limit of £10,000 but the mechanical and 
electrical engineering services work alone was estimated at 
£13,600. Therefore, it was agreed that the scheme would be 
dictated by the amount of finance available and would only 
be a makeshift' arrangement while long term policy for 
catering in the district was established. 
By July 1971, there was a scheme for a new kitchen & 
dining room costing £121,000 aiming for a site start in 
1973. It was put into the small capital works expenditure 
programme in August 1972 at £133,000. At this time briefing 
information was being put-together by various people and the 
architects were appointed. The project was repeatedly moved 
from programme to programme, with increases in its budget 
each time. It was finally moved to the 76/77 programme but 
then in January 1976 the scheme was cancelled and the 
consultants instructed to take no further action. 
In March 1977, the rationalization of bed distribution 
within the region increased the demand on the existing 
catering facility. Thus the scheme became a feasible prop- 
osition once more and was resurrected. The revised estimate 
of August 1977 was £508,000 and the scheme became extremely 
urgent with every possibility of it starting on site in the 
77/78 financial year. This didn't happen and,: it next 
appeared as an item in the programme for 78/79 at a figure 
of E740,000. The next move was into the 79/80 programme, by 
which time it had increased to £808,000. This was followed 
by;. a tender of, £911,000 and a site start in January{. 1980 
actually took place! 
-,,: The, final figure that was suggested at the time of data 
collection, before the final account came in, was £1,250,000 
or thereabouts. However, the increase over the tender°, was 
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considered to be within-the order of only 5-10% by the time 
the effects of inflation were considered. 
5.2 ENVIRONMENTAL COMPLEXITY ANALYSIS 
-. -., The environmental analysis was done in two stages. The 
first stage is a qualitative description of the environ- 
ment, based on Walker's approach. The second stage is the 
quantitative analysis from which is derived the Environ- 
mental Complexity Index. 
5.2.1 Qualitative analysis of environment 
The qualitative analysis is executed under the headings-of 
(a), certainty surrounding the project, (b) conflict, within 
the project, and (c) complexity of the project. It is given 
below. 
(a) Certainty/uncertainty surrounding the project 
The need for the project arose from a formal review of 
facilities, which identified that action needed to be taken 
over the kitchen & restaurant, but it was some years before 
aformal review of alternatives concluded that a new 
building was required. This need was never very certain 
because the political atmosphere within the health service 
meant that the decision could be overturned at any time. 
Indeed, during feasibility and sketch scheme stages the 
project was repeatedly postponed in favour- of higher 
priority projects. 
;;; The definition of the scope of this project was subjected 
to occasional changeýas the project progressed, because, the 
'client's policy was subject to change. 
This client was experienced in providing a . 
buildingaof 
this type. 
'.; Thisýproject was subjected to unexpected events. During 
the Contract stage the scheme was dropped from the capital 
expenditure budget due-to the economic climate. At this 
point the pre-contract design and the contract document- 
ation were substantially complete. Following inclusion in 
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a subsequent year's budget for capital expenditure, a tree 
conservation lobby - formed of some hospital staff, 
patients, and local people - protested about the destruction 
of trees on the proposed site. The project was delayed 
while the issue was resolved. During the delays brought 
about by the combined effects of these issues, the building 
regulations were revised. The increased requirements for a 
greater level of thermal , insulation resulted in a 
considerable amount of re-design and hence the preparation 
of new contract documents. 
(b) Conflict identified in the project 
The only conflict identified was the tree preservation 
lobby, which indicated a high level of friction between 
management in the health authority and some hospital staff, 
possibly due to a personality clash. 
(c) An outline of the complexity of the project 
Spatially - the location of the building was the only one 
suitable to provide the required level of service, although 
it was not ideal. The constraints due to the layout of the 
existing buildings coupled with the existing technology for 
food preparation and meal delivery restricted the range of 
possible solutions. Areas to be provided were calculated 
from DHSS guidelines, with advice from client's specialist 
in-house staff. 
Technically -a conventional structural solution was 
adopted, and the project was heavily serviced for its value. 
Client specialists were available for advice, much of which 
was standardized through the use of "Hospital Building 
Notes". _ 
Aesthetically - demands were quite high as the building 
became the focus of public awareness after to - the "issue of 
the trees. Although the building was an addition to an 
existing'group of buildings, - no attempt was made to-match 
the surrounding-buildings. 
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5.2.2 Quantitative analysis of environment 
Table IX shows the quantitative analysis of the environ- 
ment. Each of the five types of environmental factor are 
scored on a scale of 1-3 for their degree of definition, 
stability and mitigability. 1 represents the simplest case, 
'2 represents a normal or average condition and 3 the most 
complex condition. These three individual scores are added 
together for each of the five types of environmental force 
: giving scores in the range 1-9. The geometric mean is then 
taken of these 5 totals. The resulting Environmental 
Complexity Index of 66% indicates that the environment was 
of a reasonably high complexity. 
5.3 POST-OCCUPANCY EVALUATION 
It is clear from section 3.2 that there does not exist a 
, recognized and systematic method for analysing the success 
of building projects. Therefore, the work undertaken in 
respect of post-occupancy evaluation was exploratory. The 
-basic approach to surveying building users remained consis- 
tent throughout the research, but slight differences had to 
be developed in the questionnaires because the nature and 
mix of the user groups varied between projects. These 
, differences are only in terms of individual questions. The 
results are analysed by groups of questions which are 
! comparable between the different case studies. 
FA comprehensive questionnaire was given to members of the 
. 
project team who were asked to comment upon all aspects of 
the project. This framework was then used to create ques- 
tionnaires for the remaining groups. The categories of 
questions were chosen to reflect the knowledge of the people 
being questioned, for example the general public were not 
: asked about the time taken to complete the building as the 
initial studies showed that they had little or no knowledge 
of it. On some of the projects the public have no-access to 
the-building and so were k not surveyed at' all . ", ='x ý- " 
-. The focus of this study is organizational structure, 
therefore post-occupancy evaluation is not of prime import- 
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Table IX: Project A quantitative environmental analysis 
Hospital Kitchen Dining Room Extension N. England 
ENVIRONMENTAL FACTOR: Def Sta Mit Tot 
LEGAL/INSTITUTIONAL: English Law 
applied. Well-known Std Form of 
Contract was used. Familiar 
Condns of Engagement for external 
consultants. Each consultant had 
a counterpart in the Health 
Authority for liaison. 1135 
TECHNOLOGICAL: The solution 
adopted involved non-traditional 
materials, some of which had to be 
imported from the continent. 
There was a very high services 
content for specialist equipment. 1236 
FINANCIAL: Cost limits for the 
project were clear, but were 
subject to some changes over the 
years. 1337 
AESTHETIC: The design was 
aesthetically adventurous using 
large expanses of smoked glass 
which had to be specially 
imported from abroad. 1225 
POLICY: There was conflict 
between various parts of the 
client organization which had to 
be resolved mid-way through the 
project. The objectives of the 
project were stable. 1337 
E. C. I. = 
(5 x6x 79 x5x 7) 0.2 
x 100 = 66% 
KEY: Def = Definition, Sta = Stability, Mit = Mitigability, Tot = Total. 
ance in this instance. For this reason, further refinement 
of the technique of evaluation of buildings should be the 
subject of future work. 
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Appendix E contains examples of the questionnaires used. 
The component parts of an assessment will contain levels of 
detail relevant to the particular project, for the part- 
icular user group, at the particular time. Therefore, some 
component parts of an assessment will contain more detail 
than others. In order to reduce the different responses in 
the data to useable figures, a method of aggregating 
responses into their respective categories is needed. The 
resultant figure, called a Weighted Average Satisfaction 
Level (WASL), is derived as shown below. 
Responses for each question were elicited as follows: - 
0- Don't know/No answer; 1- Unacceptable; 2- Poor; 3 
Average; 4- Good; 5- Excellent. The total scored for each 
question is derived by weighting the answers given on a 
scale of 0-100 where the percentage of those answering 
"Excellent" is multiplied by 100, "Good" by 75, "Average" by 
50, "Poor" by 25, and "Unacceptable" by zero. Answers other 
than these are not counted. The total is then divided by 
100 to give the WASL. This is then divided by the number of 
responses to give a figure which is a percentage of those 
who answered, rather than a percentage of those who were 
questioned. For example, consider the following responses; 
Response no. 012345 
Percentage 11 5 23 30 18 13 
the WASL for the question is calculated thus: 
15x01 + (23x25) + (30x50) + (18x75) + (13x100) 
a 53% 
89 
For the purposes of calculating a single overall figure, 
representing success, an average of the WASLs of the 
questions within each category can be calculated., This 
gives a single figure for each group of questions. These 
figures can then also be averaged to indicate the general 
level of success of the completed building, giving 'each 
category equal weight, rather than each question. This 
gives a single figure for that survey -a "survey -com- 
posite". If different questionnaires are used for different 
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Figure 17: Project A post-occupancy evaluation 
categories of user, then for the purposes of deriving a 
single figure, the survey composites can be averaged. 
The P. O. E. for case study A is summarized in Figure 17. 
This shows the responses given by one of the user groups, 
the workforce, by way of example. In all categories the 
outcome was judged as "average" or "good", with most 
weighted average satisfaction levels being around 60%. The 
range of responses (WASLs) generally is very small, 
indicating a fair degree of consistency in peoples' 
responses. 
The surveys show that this building was generally well- 
liked by the users and the workforce, and performs its 
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function well. The overall figure for project success, 
derived by giving equal weight to each of the three groups 
questioned, rather than every individual; and giving equal 
weight to each of the topics under investigation, rather 
then to each question, is 59%. This indicates a certain 
degree of success in the finished building, and it must be 
borne in mind when reviewing the deficiencies which are 
often detailed points. The satisfaction of the staff and 
users of the building is marred by eleven shortcomings: 
1 Inadequate provision of space 
2 Latent defects requiring rectification 
3 Management within the facility 
4 Internal environment not comfortable 
5 Layout of facility not satisfactory 
6 Delays in the development of the project 
7 Slightly over cost targets 
8 Too high a standard of finishes 
9 Insufficient drainage inside kitchen 
10 Some equipment outdated or unsuitable 
11 Unsuitable location 
5.4 SUMMARY OF 3R ANALYSIS 
The 3R charts are given in appendix A, and the analysis of 
them is summarized in Table X. The initial step in 
analysing the applicability of the model is to look at the 
extent to which each case study matches the universal set of 
decision points. This is shown by the 3R charts, which also 
indicate the extent to which the work observed on the case 
studies can be broken down into the Policy, Strategic, 
Tactical and Operational Decisions; and the identification 
of Managing, Control and Operating Systems. The two major 
departures from the model's decision points are the shelving 
of the scheme as soon as Contract stage was completed the 
first time around, and the dispute over the trees. These 
are unexpected decision points brought about as a response 
to very strong environmental influences. 
The shelving of the project, and its subsequent re- 
commencement, are easily accommodated by the model, because 
they can be interpreted as the end and beginning' of two 
discrete projects. In this way, the model and the project 
configuration are compatible with each other. 
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Table X: Project A summary of 3R analysis 
DIFFERENTIATION Feed Cont Integra Non Cli 
Stg Op Lnk Agg Skl Crd back -rol Lnk No Dup Inv 
(a) (b) (() (d) (e) ) (G) (n) (i) (1) (k) (l) 
no ra z z % % % no % % % 
al 4 24 100 79 100 100 50 6 33 25 100 
a2 6 51 100 80 75 100 33 14 36 83 100 
a3 5 24 100 79 75 100 67 13 92 20 100 
a4 16 117 99 92 83 75 79 81 17 81 100 
a5 3 14 100 86 14 100 78 3 0 33 100 
bi 2 11 100 64 45 100 67 2 0 50 100 
b2 2 9 100 67 100 100 67 2 100 50 100 
b3 10 90 100 98 100 100 90 73 100 80 100 
b4 6 36 100 97 81 100 94 30 83 83 100 
b5 6 24 100 96 33 100 94 8 75 33 100 
b6 11 119 99 88 72 100 82 59 100 0 100 
71 519 100 89 78 94 76 291 68 54 100 
Steges: 
1-Inception, 2-feesibtlity, 3-Sketch scheeae, 4-Detail design, 5-Contract, 6-Construction 
Interpretation: 
Column: Meaning: 
(a) Identity of stage of work. 
(b) kirtxr of operations in this stage of work. 
(c) WLM r of operational links within this stage of work. 
(d) Percentage of operational links with any form of differentiation 
(e) Percentage of operational links which are differentiated by skill. 
(f) Percentage of operational links wich are co-ordinated. 
(9) Percentage of operations which exhibit proper feedback loops. 
(h) Percentage of elements of control present within operations. 
(1) Water of inter-operation links within this stage of work. 
(j) Percentage of inter-operation links with continuous directing. 
(k) Percentage of operations with no duplication. 
(1) Percentage of operations with involvement of the client. 
5.4.1 Skill diversity 
The first hypothesis was that in order to maximize the 
potential success of a project, the organizational structure 
should provide a level of Skill Diversity that matches the 
Environmental Complexity. This is the test of contingency. 
The technique used to measure complexity in the environment 
produces an Environmental Complexity Index which has not yet 
been calibrated. Until a much larger number of projects 
have been studied, this test gives only speculative results 
which should indicate whether or not it is going to be 
worthwhile to develop environmental analysis and contingency 
testing any further. Because this hypothesis can only be 
analysed by looking at the results from all four case 
studies, it will be discussed in chapter nine. 
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5.4.2 Co-ordination 
The second hypothesis was that in order to maximize the 
potential success of a project, the organizational structure 
should ensure that Differentiation of the Operating System 
is matched by a corresponding level of Co-ordination. This 
was tested by examining all Differentiated Links in the 
Operating System, and identifying whether or not the Co- 
ordinating role had been provided to overcome the adverse 
effects of Differentiation. The count of all Links is 
required in order to calculate the Skill Diversity. 
However, if the role of Co-ordination is being exercised in 
an Operation, then all Links in that Operation are said to 
be Co-ordinated. 
Co-ordination for this case study was 78% overall for the 
whole project, which although fairly high, is a departure 
from the model. Table X shows a definite decline in the 
level of Co-ordination prior to the shelving of the project. 
It is possible that the lack of Co-ordination was the cause 
of the project being suspended. Similarly it is also 
possible that the lack of Co-ordination resulted from 
knowledge in the project team that the project was not going 
to proceed. 
5.4.3 Feedback 
The third hypothesis to be tested was that in order to 
maximize the potential success of a project, the organ- 
izational structure should provide adequate Feedback loops. 
The test for this was to examine each Operation for the 
incidence of personnel responsible for the decision which 
triggered the sub-system. If they were present in some 
capacity then it would be possible for them to change the 
objectives of the stage of work should that prove necessary. 
Figure 17 shows the overall figure for Feedback is very 
high, at 94%. This means that the organizational structure 
was capable of providing opportunities for modifying object- 
ives and project parameters, as the project progressed. The 
day-to-day management of the project was very closely linked 
to the client's own management procedures, 'and this is 
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reflected in the large amount of written procedures and 
manuals issued by DHSS for the management of capital 
expenditure programmes. 
In terms of Feedback, project A is compatible with the 
model, scoring very well in this test. The high level of 
Feedback is also evident by the complete suspension of work 
on the project - twice! This. shows how completely the 
project objectives could become modified by Feedback. 
5.4.4 Control 
;. The third hypothesis is that in order to maximize the pot- 
ential success of a project, the organizational structure 
should provide proper Control mechanisms. 
., The Control system consists of 
the three roles of Monitor- 
ing, Supervising and Resourcing (MSR) at the operational 
level, and Directing, Recommending and Approving (DRA) at 
the-Strategic decision level. This test of this hypothesis 
consisted of checking each operation for the presence of the 
MSR roles, and each decision for the presence of DRA roles. 
.,,, The overall average for Control is 76%, which is a depart- 
ure from the model. The incidence of Control is erratic and 
a; problem throughout the project. For this case study it is 
the worst departure from the model in stages bl and a2. 
,: Project A is not compatible with this hypothesis because 
adequate Control mechanisms are not provided consistently 
throughout the project. 
5.4.5_ Integration 
-., The fourth hypothesis is that in order to maximize the 
potential success of a project, the organizational structure 
should ensure Continuity of the Managing System.. 
=; This was tested by examining each Link between Operations 
andiensuring, that the Managing System was Continuous.. -The 
hypothesis stated, that the role of Integrating.. should be 
Continuously exercised wherever there-As a Discontinuity in 
a, project's Managing System. 
. At'68% this test shows that project A displayed, a definite 
departure'from, the model. " It demonstrated:. that discont- 
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inuities in the managing system occurred at 32% of the 
possible opportunities. Continuity was non-existent in 
stages a5 and bl, the most critical stages of this project. 
This departure from the model was brought about by the 
lack of an overall management function in the early stages 
of the-project's development. It is clear from the project 
diary that the early stages of this project lacked direction 
and decision, and the results of this particular test 
confirm this. 
5.4.6 Non-duplication 
:, The fifth hypothesis is that in order to maximize the 
potential success of a project, the organizational structure 
should have no Duplication of the Managing System at the 
Strategy level or above. The test for Non-duplication is 
only concerned with Duplication in the Managing System. 
There are often very good reasons for duplicating the 
control system in multi-organizations, and this is rarely to 
the detriment of project success. However, the Managing 
System should not be Duplicated, and the test was to examine 
the roles of Co-ordinating, Integrating, Recommending and 
Approving. The hypothesis is tested by looking at each 
Operation for the Duplication of any of these four roles. 
If 'any of the roles are present more than once, then that 
Operation contains Duplication. The result is expressed as 
the, percentage of Operations which are contain no Duplic- 
ation of the four roles. 
At 54%, this test shows the worst departure for any of the 
tests on this case study. Approval and Recommendation are 
Duplicated almost continuously across the whole projects If 
they. are being exercised at all, then they are Iusually 
Duplicated. This is because of the hierarchical decision 
making structure within the health service organization, and 
reflects the concern of the organization for accountability. 
However, it does not Finatch.,. with the model's proposition 
because it creates a: large, _. unwieldy decision. making process 
which can slow down progress and": >prevent: the,, rapid adapt- 
:. '- °, - ability often required in a changing environment. 
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The final hypothesis was that in order to maximize the 
potential success of a project, the organizational structure 
should provide opportunities for Client Involvement at every 
stage. The test of this is simply to examine each operation 
for the presence of any client personnel in any role. The 
charts in appendix A show the variety of client personnel 
involved in this project. These people were constantly in 
touch with each other throughout the project. This test 
achieved a measure of 100% throughout the project. This 
matched the hypothesis, and indicates that no work was done 
on the project without some member of the client's organ- 
ization having some input or control over it. 
5.5 DISCUSSION 
The departures from the model can be summed up as follows: 
Poor co-ordination in stages' a5, bl & b5; mediocre co- 
ordination in stages a2, a3 & b6; slight lack of co- 
ordination in stages a4 & b4. 
- Mediocre feedback in stage a4. 
- Poor Control in stage a2; mediocre control in stages al, 
a3, a4, a5, bl & b2; slight lack of control in stage 
b6. 
4No integration in stages a5 & bl; poor integration in 
stages al, a2 & a4; mediocre integration in stages b4 
& b5. 
- Duplication at every step in stage 6; excessive duplic- 
ation in stages al, a3, a5 & b5; mediocre in all other 
stages. 
The project diary has been examined to determine the 
stages at which particular deficiencies arose. The points, 
where the project organizational structure departs from the 
model can be attributed to particular stages of work as 
shown in Table XI. This table also shows how specific def-, 
iciencies relate to specific departures. 
Since the majority of-the pre-construction. work, was done 
again after the project was resurrected, it is sometimes 
difficult to distinguish the two sets of stages and decide 
where a deficiency originated. There are cases in the table 
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Table XI: Project A deficiencies related to departures 
Deficiency: 
6,7 
11 
Sketch scheme 1,5 
a4 Detail design 4,9 
a5 Contract 
bl Inception 
b2 Feasibility 
b3 Sketch scheme 
8 
Departures from the 
model: 
Mediocre control; poor int- 
egration; excessive duplic- 
ation. 
Mediocre co-ordination and 
control; poor integration. 
Mediocre co-ordination; poor 
control; excessive duplica- 
tion. 
Slight lack of co-ordina- 
tion; mediocre feedback and 
control; poor integration. 
Very poor co-ordination; 
mediocre control; no integ- 
ration; excessive duplic- 
ation. 
6,7 Poor co-ordination; mediocre 
control; no integration; 
some duplication. 
11 Mediocre control; some dup- 
lication. 
1,5 
b4 Detail design 4,9,10 
b5 Contract 8 
Some duplication. 
Slight lack of co-ordina- 
tion; mediocre integration; 
some duplication. 
Poor co-ordination; mediocre 
integration; excessive dup- 
lication. 
b6 Construction 2 Mediocre co-ordination; 
slight lack of control; 
duplication at every step. 
7 Commissioning 3 No data available 
Rey to deficiencies: 
1 Inadequate provision of space 
2 Latent defects requiring rectification 
3 Management within the facility 
4 Internal environment not comfortable 
5 Layout of facility not satisfactory 
6 Delays in the development of the project 
7 Slightly over cost targets 
8 Too high a standard of finishes 
9 Insufficient drainage inside the kitchen 
10 Some equipment outdated or unsuitable 
11 Unsuitable location 
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where although a deficiency is shown as arising from both 
the detail Design Stages, there are no marked departures 
from the model in the second one, therefore it may be 
assumed that the problems arose from the first one. The 
reason that problems remained even though the project was 
almost completely re-designed is that the management struc- 
ture was so unwieldy and resistant to change once decisions 
had- been taken. Because of this, once the project was 
committed to a certain course of action, it was almost 
impossible to alter that decision. This was compounded by 
the almost continuous Duplication of Approval and Recommend- 
ation roles, because so many people were involved when a 
decision was needed. 
The high incidence of Client Involvement and Feedback to 
Policy and Strategy Decision points created relatively short 
Feedback loops, for such a long project duration. This 
helped to reduce uncertainty within the project team. 
The decision making pattern observed on this project was 
created by the nature of the health service and the need for 
accountability. It slowed down the project and created an 
enormous "hidden cost". The number of people who contrib- 
uted to the management and guidance of the project is surp- 
risingly large, and this raises questions about cost- 
effectiveness in public sector building projects. Clearly 
the'time spent by committees and senior officers will not be 
allocated to the building costs of this project, but will 
have'-'to be paid for somewhere. However, this problem is 
beyond the scope of this study. 
,ý 
.; zý. 
A .: ý ý, 
ý -; ý .ý 
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CHAPTER SIX: ANALYSIS - CASE STUDY B 
4ýy, ýý 
ý- :. 
.,,, The results for the second case study are presented and 
analysed. 
6.1 PROJECT DESCRIPTION 
1 6.1.1 outline 
The project was the conversion of a redundant infants 
school into a multi-user day care centre for the social 
services department of a county council in Northern England. 
It was an innovative project for this county, because they 
had never tried to integrate so many different groups of 
people together before. The tender sum was £98,000 at 1984 
prices, and the contract duration was 5 months. 
The management of the project was a complex affair; 
firstly because of the innovative nature already referred 
to, ' and secondly because of the frequent changes of critical 
personnel. The client consisted of a large group of people 
representing several diverse interests. All professional 
advice came from the construction services department of the 
county council; but part of the way through the project that 
department was re-organized and this project became the 
responsibility of a different part of the department. The 
picture was further complicated by staff changes. 
The contract was let to a small local contractor by 
selective'tendering, with the electrical and mechanical 
services engineering content let to sub-contractors. This 
produced three quite distinct tendering processes. The 
contract used was the county's minor building' works 
contract, and the nominated suppliers/sub-contractors' form 
was used for the electrical and mechanical`services 
engineering work. 
6.1.2 Objectives .ý . «, 
The objectives of this project were clearly identified'at 
a two' day 'meeting of the various'client departments` and 
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. specialists. 
The meeting was a response to the land com- 
! mittee's request for further clarification on details of the 
proposed new centre. This had to take place before they 
, would agree to transferring ownership of the redundant 
'school to the Social Services Department'. As a result of 
. this meeting, the objectives were summarized thus: 
"To provide a flexible range of local supportive 
services for individuals, either at risk or with 
special needs, through assessment and educational 
training programmes, in order to maintain and inc- 
rease the skills necessary for independent liv- 
ing, and to achieve a reduced level of depend- 
ency. " 
The data for this case study were collected as the project 
was , 
in progress. Because of this, it was felt that formal 
, 
interviews would not be appropriate, and the equivalent 
information was obtained through regular meetings with the 
. project personnel as 
the project developed. Since formal 
interviews were not conducted, this is the only knowledge of 
objectives available. 
6.1.3 Project history 
, _, 
The need for the project was established prior to 1978 
when it became clear that there wasa shortage of places in 
the district. There was no likelihood that funds would be 
available for a new building, so this project had to wait 
, 
for a location for some years. 
The infants school suffered falling numbers and in 1980 a 
rationalization of the provision of primary school places 
resulted in the closure of this school. Various committees 
considered using the site but eventually it was declared to 
, be surplus. The county valuation & estates department then 
offered it to all other council departments and invited bids 
and, proposals forits use. The social services department, 
in, conjunction with construction services, worked up a 
proposal to use the, school as a day centre. 
The scheme had two sources of funds; the minor capital 
works budget of the local authority, and the joint budget 
provided by the area health authority.. This fund is money 
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from the government to help pay for moving this type of 
health care into the community. 
,, Before the,, county council would approve the scheme, they 
needed a series of approvals: ýfrom the personnel committee 
: for staffing costs; from the land committee for the transfer 
of the land and buildings; and from the finance committee 
for the costs of building. Each of these committees 
required additional information from the social services 
department about their proposals, so by the time the scheme 
got approval, much of the detail had been worked out. 
., The initial feasibility study was undertaken by the social 
services department in very approximate terms and produced 
a figure of £100,000 for the scheme (£62,000 of which was 
for building costs). They consulted the county architect 
for advice at this stage, but an architectural feasibility 
study was not undertaken until 1982, when a provisional 
figure had been included in the capital budget. The divis- 
ions were then re-organized so this scheme became the 
responsibility of another division. A project architect 
then took over the scheme and worked up a sketch scheme. 
When this was costed, the building costs alone came to 
£120,000, twice the budgeted figure. This project architect 
left. to work elsewhere, and his scheme was revised by his 
divisional architect, who got the total costs down to 
£98,000. He then passed it on to a new project architect 
who, looked after the scheme and developed the detailed 
design and contract documentation. Briefing was a complex 
process, due to the multiple client body. The social 
services department set up a project development steering 
group to act as a focus, for. all decisions on the job,: -but 
the project architect did not see the meetings of this group 
as the main form of contact with the client. He dealt with 
a: person from the social services department outside the 
meetings. 
,,:, The contract was let on specifications and drawings-alone 
because it was not large enough to warrant bills, etc. __ 
The 
contractor-was chosen, by selective tendering, -, as -were the 
electrical and mechanical services engineering nominated 
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sub-contractors. Each of these three tendering processes 
happened separately, in parallel, and were organized by 
different people. 
. The mechanical engineer discovered asbestos in the 
building and the contract was delayed slightly whilst this 
was removed by a specialist contractor. There was an 
additional delay of two weeks to the contract, one of which 
was due to more preparatory decoration work being necessary 
than was anticipated. This was given an extension of time. 
The delays were not seen as important because by this time 
the client was not in a position to take over the facility, 
needing time to train staff and get ready. 
6.2 ENVIRONMENTAL COMPLEXITY ANALYSIS 
6.2.1 Qualitative analysis of environment 
As before, the qualitative analysis is executed under 
three headings. 
(a){ý Certainty/uncertainty surrounding the project. - 
Initially there was a definite need for improved 
facilities in the area. This need developed into a need for 
a specific scheme when the building housing the existing 
nursery facilities was unexpectedly discovered to be 
unsound. This need was certain, and very pressing, but 
nothing could be done about it until the reduction in the 
number of school places meant that buildings would become 
available for other uses. There was a general shortage of 
funds for new building development work. 
The client was inexperienced in this sort of provision; a 
day care centre of this type had not been undertaken before 
by, this : local authority and had-to be accommodated in an 
existing building. 
The project was subjected to unexpected events. `During 
the'-process of developing the project, the project architect 
was changed, and the construction services department was 
re-organized. Asbestos was discovered during stripping out 
of the existing building and had to be removed. 
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(b) Conflict identified in the project 
There was a small amount of conflict over responsibility 
for funding some work caused by deterioration of the 
building whilst it was unoccupied. It was not clear exactly 
who was responsible for the maintenance of the building 
whilst it was empty and not in the possession of any 
department in particular. The construction services 
department would normally be responsible for the mainten- 
ance of all buildings, but since it was not clear whether 
the council were keeping this one, no maintenance was done. 
There was some conflict concerning the design respons- 
ibilities of the architect and the interior designer. 
Finally, conflict arose as two people both felt respons- 
ible for co-ordination. Also, problems of perception often 
resulted in lack of communication because some contributors 
did;, not recognise the validity of each others' inputs. 
(c)';. An outline of the complexity of the project 
Spatially - the existing building provided a range of 
spaces which were considered suitable for the activities to 
be carried out, although not as satisfactory as a completely 
new building would have been. 
Technically - the existing structure was used without 
alteration. Conventional simple building services were used 
without problems. 
Aesthetically - existing functional elevations were not 
altered. Aesthetics were not considered. 
6.2.2 '`Quantitative analysis of environment 
. -,: Table 
XII shows the quantitative analysis ofýthe environ- 
ment. --The resulting ECI-of 52% indicates that the`environ=u 
ment*, was fairly complex, but less complex than that for 
project A. 
. ': ý ý; ýx ýý ýy -ý. 
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Table XII: Project B quantitative environmental analysis 
A Day Care Centre in N. England 
ENVIRONMENTAL FACTOR: Def Sta Mit Tot 
LEGAL/INSTITUTIONAL: English Law applied. 
Well-known Std Form of Contract was used. 
Familiar Condns of Engagement for external 
consultants. Each consultant had a 
counterpart in the County Council 
for liaison. 1135 
TECHNOLOGICAL: The solution adopted 
involved the conversion of an existing 
system-built school. 1124 
FINANCIAL: Cost limits for the project 
were clear, and very strict. 1337 
AESTHETIC: The design was severely 
constrained by the appearance of the 
existing building. 1124 
POLICY: The client's policy was clearly 
understood but was difficult to arrive 
at due to the committee stages of any 
policy decision. The objectives of the 
project were stable. 1124 
E. C. I. - 
(5 X4x 79 x4x4 )0'2 x 100 = 52% 
KEY: Def = Definition, Sta = Stability, Mit = Mitigability. 
6.3 POST-OCCUPANCY EVALUATION 
As stated earlier, formal interviews were not undertaken 
for this case study, because the data were collected as the 
project took place, rather than after it was finished. 
However, the equivalent information was gained through 
informal contact and conversations with the major 
contributors. Notes were taken during these conversations, 
and checked with the contributors. It was found that 
although the same quality of information could eventually be 
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secured by either approach, the' structured interviews 
produced information that was easier to interpret and 
compare. 
The post-occupancy survey revealed that generally, staff 
and users were very satisfied with the new day centre. All 
aspects were rated very highly by the staff, except for 
noise, and heating & ventilation. The users also rated all 
aspects very highly, the only exceptions being access by 
foot, noise and safety. Noise is the item that is singled 
out by both groups. From the individual sundry complaints 
it would seem that this results from different user groups 
having different expectations about the use to which the 
building should be put. 
Most of the staff had no clear opinion on the time taken 
to complete the project, but of those that did, the reaction 
was favourable. This may seem a positive point, except that 
most' of the staff were not appointed until the building 
neared completion. 
For the majority of the users, their opinion, of the 
building had not changed with time, whereas the staff seemed 
to be evenly split between increase, unchanged and decreased 
satisfaction. 
Many of the users gave no clear opinion about questions of 
access, probably because they are brought to the facility=in 
transport provided by the social services department. 
If the total weighted aggregate satisfaction levels for 
both surveys are, averaged, the result is 81%. This is 
extremely high and the detailed criticisms gleaned from the 
surveys should be tempered by this fact, because no aspects 
of the building's form or function caused- any;; great 
dissatisfaction with staff or users. , The results-of rthe 
survey of the users Is summarized in,. Figure : 18. The 
shortcomings derived, from the survey are as follows:, ý-} 
..,. 1 Inadequate provision of certain-areas 2 Lack of storage space 
t3 Poor security 
4 Lack of handrails and other provisions; for, the 
disabled 
5" Noise from some users disturbing othersx 
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6.4 SUMMARY OF 3R ANALYSIS 
The 3R charts are given in appendix B, and the analysis is 
summarized in Table XIII. As the 3R charts show, the 
decision points for project B demonstrate slight deviations 
from the model. During stage 3 (scheme design) there is an 
extra decision point which arises because the scheme was 
rejected due to it being nearly 100% over budget when it was 
costed. In this analysis, this is being treated as a lower 
level decision because it does not effectively punctuate the 
sub-systems, rather it is the client's opportunity to 
exercise regulation, in the absence of more usual, and 
perhaps less drastic techniques. 
122 - 
Table XIII: Project B summary of 3R analysis 
DIFFERENTIATION Feed Cont Integrn Non Cli 
stg Op Ln Agg Skl Crd back -rol Lnk No Dup Inv 
(a) (b) (C) (d) (e) (f) (g) (h) (i) (j) (k) (l) 
no no X % % X X no % % % 
1 2 2 100 100 50 100 83 1 100 50 100 
2 7 29 97 97 100 86 95 15 93 29 100 
3 8 34 100 94 88 100 81 19 37 38 100 
4 5 29 100 93 62 40 87 20 25 40 60 
5 7 18 100 100 61 0 62 9 33 29 0 
6 12 75 95 69 99 92 92 53 98 92 83 
41 187 98 85 87 70 86 117 70 51 73 
Stages: 
1-Inception, 2-feasibility, 3-Sketch scheme, 4-Detail design, 5-Contract, 6-Construction 
Interpretation: 
Column: Meaning: 
(a) Identity of stage of work. 
(b) Number of operations in this stage of work. 
(c) Number of operational links within this stage of work. 
(d) Percentage of operational links with any form of differentiation 
(e) Percentage of operational links which are differentiated by skill. 
(f) Percentage of operational links which are co-ordinated. 
(g) Percentage of operations which exhibit proper feedback loops. 
(h) Percentage of elements of control present within operations. 
(i) Number of inter-operation links within this stage of work. 
(j) Percentage of inter-operation links with continuous directing. 
(k) Percentage of operations with no duplication. 
(l) Percentage of operations with involvement of the client. 
The other deviation is in stage 5 (contract) where the 
requisite preparation is reduced to the mere selection of 
the contractors for the work. This is due to the unusually 
high level of detail that had been requested by various 
parts of the client organization in order for approvals to 
be gained. As a result of this, much of the work normally 
expected to be contained within stage 5 had already been 
undertaken in stage 4. As well as this, the small scale of 
the project meant that the work involved in contract 
preparation was light. However, these aberrations are not 
beyond the flexibility of the model, and are described 
readily. 
6.5 DISCUSSION 
The project diary has been examined to determine the 
stages at which particular deficiencies arose. The points 
where the project organizational structure departs from the 
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model are also attributed to particular stages of work. 
3 Table XIV shows how the specific deficiencies relate to 
specific departures. From this table it would seem that the 
severe problems in stages 1 and 5 had no effect; presumably 
the project team were effective in overcoming the problems 
caused by these issue. However, it must be remembered that 
stage 1 only consisted of one operation and one decision, 
and may not have been perceived as being part of a project 
at : that stage. Also, stage 5 was not the important phase 
that it often is on some projects because of the low level 
I 
of documentation being required and its substantial 
completion in a prior stage. 
The stages of work that did produce deficiencies also had 
organizational departures. Thus the excessive Duplication 
in stage 2 must be the cause of the facility being too 
noisy, since it is the only marked departure from the model 
at that point. Presumably, the excessive Approvals means 
that "the proposal was less than optimal for any one interest 
group, but the only proposal likely to succeed. The poor 
Integration and mild Duplication in stage 3 resulted in the 
inadequate provision of certain areas, and the lack of 
storage space. 
The type of problem that may well be associated with 
Duplication of Approval powers is the "lowest common denom- 
inator" approach where the project team have to attempt to 
satisfy as many of the executive "Approvers" as possible. 
The poor security and the lack of hand rails and other 
provisions for the disabled seem to have arisen from stage 
4, -and would thus be the result of the poor: Feedback, 
mediocre Co-ordination, poor Integration, mild Duplication 
and lack, of' Client Involvement observed in this, -ýstage: ý.: a _. 
The - organizational, structure-on this project Lproduced=a 
building which is very'well`- liked by the users and -staff. 
It ;, "performs its, function 't well and -is .aý direct ». and 
appropriate' response,. -to', --a : 
high level. of need--: iný-. fthis 
district. -'There are a few small 'problems with the building 
which : 'have'been-observed, but they'do not detract°, from°the 
overall level of satisfaction. 
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Table XIV: Project B deficiencies related to departures 
Stage of Work: Deficiency: Departures from the model: 
1 Inception Lack of control; poor 
co-ordination; mild 
duplication. 
2 Feasibility 5 Excessive duplication. 
3 Sketch scheme 1,2 Poor integration; mild 
duplication. 
4 Detail design 3,4 Poor feedback; mediocre 
co-ordination; poor 
integration; mild 
duplication; lack of 
client involvement. 
5 Contract No feedback; slight lack 
of control; mediocre 
co-ordination; poor 
integration; mild 
duplication; no client 
involvement. 
6 Construction Slight lack of client 
involvement. 
7 Commissioning No data available. 
Rey to deficiencies: 
1 Inadequate provision of certain areas 
2 Lack of storage space 
3 Poor security 
4 Lack of hand rails and other provisions for 
the disabled 
5 Noise from some users disturbing others 
It is interesting to note that there are so few 
deficiencies on this project, and this seems to match the 
general picture from the organizational analysis, which was 
favourable. There is a fairly consistent pattern which 
emerges from the analysis, that the organizational structure 
matches the model, except for a few departures as follows. 
There were unusually high demands for information for the 
purposes of approvals during the early stages of this 
project. This resulted in a minimal amount of work during 
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stage five. The total lack of feedback and client involve- 
ment during stage five arise as a consequence of this. 
The overall indication is that the organizational struc- 
ture suffered from too many people exercising powers of 
approval and this may have tended to dilute the solutions 
being offered. What was produced was a project which aimed 
to satisfy as many people as possible. Whilst there is 
always the danger that this aim will produce a solution that 
is less than satisfactory to everyone, this does not appear 
to have been the case on this project. 
ä"ý 
»JrT 
"1 
ý4 
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CHAPTER SEVEN: ANALYSIS - CASE STUDY C 
--r'The results for the third case study are presented and 
ý-analysed. 
;,..., 
7.1 PROJECT DESCRIPTION 
'7: 1.1 Outline 
'4The project was to build a new divisional and sub- 
. divisional police headquarters in Northern England on a 
confined town centre site. The tender sum was £3,341,548 `at 
1979 prices, and the contract duration was 27 months. 
''-The design and management of the project was provided by 
the newly formed architect's department of a metropolitan 
; county council. The client was essentially the local police 
-force, as represented by the Police Committee of the county 
'council, the Chief Constable of the force and several 
assistant chief constables, a Police Planning officer who 
"'was=in charge of briefing for the project, the Home Office 
who were paying for half of the scheme and the 'County 
'--Council who' were paying the other half. The project team 
:. consisted of the chief architect of the county council, 
several in-house project architects, quantity surveyors and 
-structural engineers, as well as external consultants who 
were'used for the services engineering and taking-off work. 
'The'=chief architect led the team in the early stages, -but 
handed over project leadership to the project architect once 
=the: design stage 'was reached. The project architect was 
changed when the project started on site. 
,., The county estates department was heavily involved-dueto 
prolonged negotiations about the acquisition of =the'=site. 
The z contractor was a medium sized regional- firm, -, and, ý'a 
contract for preliminary works was let to'"=a= different 
contractor. " 
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7.1.2 Objectives 
From the interviews it was clear that most of the contrib- 
utors to the project acted as if there were specific 
objectives, 'but each person's description of the objectives 
was different. These ranged from "to comply with the brief 
of --'the police planning officer" to "providing up-to-date 
accommodation for police officers in this district and move 
them'out of unsuitable and dilapidated buildings". 
7.1.3 Project history 
'; 'The scheme originated in 1973 when temporary buildings 
were 'being provided for the divisional HQ. It coincided 
with'-the inception of the metropolitan county councils, 
which resulted in the creation of a new metropolitan police 
force, in effect. At that time, the police committee called 
for a "rolling" return for the 1974-79 five year "rolling" 
programme. The return showed this project as an essential 
one and a figure of £700,000 was included. There is no 
record of how this figure was arrived at. The return 'was 
rejected by the Home office as there was at that time 
officially no metropolitan county police force in existence. 
The'. -'police authority immediately re-submitted the return 
under its "existing 
title -' for ' the same item at the same 
price. " In January 1974, the Home Office replied that due to 
economic measures it seemed unlikely that any new starts 
would'be approved for 74/75. " 
When 'a site became available, in March 1977, the Home 
Office 'agreed to forward' planning. The chief constable 
submitted forms PB1 (persons & unit statement) and° PB4 
(proposed establishment) in September 1977 to Her Majesty's 
Inspectorate (HMI) for ; 'approval, which was'"forthcoming 
within two weeks. After various meetings on "requirements", "the, 
'chief constable and the county architect provisionally 
completed form PB3 (accommodation schedule and summary "of 
areas). At this stage, before detailed : drawings '"were 
prepared, the budget estimate had, to'be approved*by=the Home` 
Off ice- through the use 'of form, ' PB2 ,} as ° well as what had 
already, been agreed with HMI ' on ' forms " PB1', ' PB3`", and '-PB4 . =`»'`ý"" 
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FThese approvals 
highlight the tortuous process that almost 
every decision had to go through before being accepted. The 
effect of the approval procedures will become clear. 
The contract suffered from approximately 42 weeks of 
delays, including architect's extensions of time of 36 
weeks., The biggest single delay was an arbitration on 
product specification, a cost which had to be borne by the 
client. The problem was with the specification of some i day 
tiles, intended for raked back surfaces on the face of the 
building. These were intended to match the brickwork, but 
due to a series of errors, eventually blamed on the arch- 
itects, the initial delivery of them did not match, and 
created an effect not unlike a victoria sponge cake! These 
were replaced through a variation order, and the clients had 
to. pay for new ones. 
The site itself was also the source of problems, in that 
it was bounded by a railway, a major road, and a canal. The 
ownership of this site was complex, having partly been 
vested in British Transport, and subsequently split between 
.. .egxs. a 
British Rail and the British, Waterways Board. Part of it 
e4t 
was, also owned by the borough council. Since access was 
required across the site a new road had to built which would 
connect the existing road with a proposed new, transport 
interchange on the site. Also, the canal needed extensive 
strengthening works to its banks, and the ground anchors for 
this work effectively reduced the site again. Eventually, 
the.. site was approximately half of the size that was 
originally expected. Drainage was difficult, and was 
resolved by pumping foul and surface water across a bridge 
into the main sewers. 
As, personnel changed in the police force fromone year to 
the next, coupled with occasional changes in policy, so the 
interpretation of what, ought to be included in the project 
changed. Usually, these changes increased the size of the 
scheme., Originally, itywas_planned as a £700,000 scheme, 
and the man-hours fort professional work were allocated 
accordingly. Althoughthe scheme more than doubled in; its 
functional content,, no increase in 
 
professional,, resources 
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was permitted, neither was any delay to the programme. 
However, under these circumstances some delay was inevit- 
able. 
:; ý. 
7.2 ENVIRONMENTAL COMPLEXITY ANALYSIS 
7.2.1 Qualitative analysis of environment 
(a)" Certainty/uncertainty surrounding the project 
The need for the project was clear at the start point, but 
this was complicated by the fact that it coincided with the 
formation of the new metropolitan county council who had 
just taken over responsibility for the police. There was 
difficulty associated with funding which was split between 
the Home Office and the new County Council. 
The definition of the scope of the project was subjected 
to}frequent and drastic change. Much of this was due to 
changes in key personnel; the police briefing officers chan- 
ged, g. 'three different chief constables passed through, and 
contact people at the Home office changed. There was 
uncertainty regarding the year in which it could be funded,,, 
aggravated by fluctuating political attitudes to develop- 
ment. Inflation was high during the project. 
'eThe"client was inexperienced in the provision of this type 
ofibuilding. Similarly, the county architect's department 
had: only just been created, with no-previous experience of 
this.,. type of building. % 
The project was subjected to numerous unexpected events. 
Constraints were imposed by the Home Office on ceiling 
heights, in an attempt to reduce the cost of' the project,. 
allowing the extra requirements'to be included.:. The, site 
which was used suffered somany constraints that ¶25% of it 
could not be utilized,.,, whilst the accommodation'to-go. on it 
had=been increased. The heating system had-to be coal fired, 
for: political reasons. --- ,A decision- was -. taken that _,, ', the, 
building had to be able'to withstand-a five. day-siege which 
put further pressure on costs.. Rapid. changes in-. communic- 
ations technology meant that as fast as telecommunications 
equipment was designed, it went out of date. Changes in 
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central government during the project altered the avail- 
ability of funds for police work. Keenes cement manufact- 
urers, the sole source of cement for cell walls, went 
, bankrupt and an alternative was difficult to find. These 
are just some of the problems which beset this project. 
I(b) Conflict identified in the project 
Conflict was identified between the county council and the 
$Höme Office over the amount of information necessary for 
approvals, over the choice of procurement method and over 
the programme of work. Also, conflict was identified 
ibetween the main contractor and the architects about the 
,, supply of information. The main contractor refused to 
, attend any sub-contractor's meetings about co-ordination. 
(c) An outline of the complexity of the project 
Spatially - the location chosen for the building was 
considered to be the only realistic possibility. The 
=building was complex due to the wide variety of uses that 
had, to be accommodated, relationships between spaces being 
; particularly important in such a building. Designing it to 
withstand a siege was complicated by the site restrictions. 
, The, 
chosen site was extremely complex; it was in multiple 
', ownership and had development problems to overcome with 
regard to canal strengthening, access for British Rail to 
their railway, and a proposed public transport interchange. 
Technically -a conventional structural solution was 
¬adopted, although low storey heights were insisted upon by 
the Home Office. The low storey heights resulted in a 
! severe restriction for the ducts in the suspended ceilings, 
only 100 mm was left for all services to be ducted through. 
Also, telecommunications equipment was at the forefront of 
technology. Site services had to be diverted, such as an 
oxygen main'. belonging to: British oxygen, and sewage had to 
be pumped out of the site to get over the-waterways. 
Aesthetically. -a functional- building with--;, simple 
elevations; " .ý -ý .ý 
ý"ýýý A .. _ 
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7.2.2 Quantitative analysis of environment 
Table XV shows the quantitative analysis of the environ- 
ment. The resulting ECI of 71% indicates that the environ- 
ment was much more complex than that for projects A or B. 
Table XV: Project C quantitative environmental analysis 
ENVIRONMENTAL FACTOR: 
LEGAL/INSTITUTIONAL: English Law 
applied. Well-known Std Form of 
Contract was used. Familiar 
Condns of Engagement for external 
consultants. Some work was split 
between in-house and external 
consultants. 
TECHNOLOGICAL: The solution 
adopted involved the use of simple 
materials in conventional manner, 
but difficulties resulted from 
storey heights, telecommunications 
gear, and cement suppliers. 
FINANCIAL: Cost limits for the 
project were clear, but subject to 
change up or down. 
AESTHETIC: Simple elevations to a 
functional building. 
Def Sta Mit Tot 
1236 
2 2 3 7 
2 3 3 8 
1 1 2 4 
POLICY: The client's policy 
fluctuated and was open to a 
variety of interpretations. Client 
approvals were complex, protracted 
and extremely detailed. 2338 
o. 2 
E. C. I. _ 
(6 x7x8x4x 8ý x 100 =71% 
9 
KEY: Def = Definition, Sta = Stability, Mit = Mitigability, Tot = Total. 
7.3 POST-OCCUPANCY EVALUATION 
The general opinion of the workforce is that the HQ is 
slightly above average. This suggests that none of the HQ's 
problems are so great as to cause dissatisfaction with the 
building as a whole. 
- 132 - 
: Satisfaction with the building has not changed over time 
with most people, even though 60% of then had worked there 
from within three months of it opening. This is a positive 
result despite the fact that for 29% of respondents 
satisfaction had decreased. 
The results from specific questions on the function and 
form of the HQ centre on "average". This is shown by the 
weighted aggregate satisfaction levels generally coming out 
around 50% for most questions. However, there are certain 
points on which the respondents hold strong views. 
It is interesting to note that "access by car" scores the 
highest weighted level of 61%, yet many people complained 
of a lack of car parking facilities, both for staff and for 
visitors. These two aspects of access were clearly per- 
ceived by many people as two different issues. 
Recreational facilities also scored well, yet there were 
complaints about the gymnasium being consistently out of 
use, due to problems with the floor. 
There is a good deal of complaint about heating and vent- 
ilation, and about the constricted widths of the corridors 
and doors. This is reflected both in the numerical analysis 
and the specific comments made. 
Many people showed no opinion on the duration of the 
project, or on the maintenance of the building; which; is.. a 
result to be expected since most people would have little 
involvement with either of these issues. Other subjects 
such as form and flexibility prompted little response. In 
conclusion, the building produces a mediocre level of 
satisfaction and has some faults. The survey of the 
workforce is summarized in Figure 19. 
. -Specific comments were invited on the questionnaire forms, 
and the following comments were-made: 
1. Project took too long to complete 
2. Final cost was over budget 4. ;_:... ý 3. Bad heating & ventilation 
4. Narrow, corridors and floors 
5. Lack of parking facilities 
6. Lack of interior space 
7. Need for a P. A. 
, -system 8., Gymnasium consistently-out of use 
9. Lack of storage/locker space 
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Bure 19: Project C post-occupancy evaluation 
Time 
7.4 SUMMARY OF 3R ANALYSIS 
The 3R charts for this project are given in appendix C, 
and the analysis is summarized in Table XVI. The main 
departures from the model may be summarized as follows: 
- decision points not clearly identified, particularly at 
beginning and end of design work (see 3R charts). 
- mediocre co-ordination in stage 2. 
- almost no feedback in stage 3, poor feedback in stage 4c 
and mediocre feedback in stages 2,5a and 6a. 
- mediocre control in stages 2,3,4a & 5a, and poor control 
in stage 5b. 
- no integration in stage 1; almost no integration in stages 
2,4a, 4b, 5b & 6a; and poor integration in stages 3, 
4c, and 6b. 
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Table XVI: Project C summary of 3R analysis 
DIFFERENTIATION Feed Cont Integra Non Cli 
Stg Op Ln Agg Skl Crd back -rol Lnk No Dup Inv 
(a) (b) (c) (d) (e) (f) (9) (h) (i) (i) (k) (l) 
no no % % X X X no % % % 
1 2 5 100 80 100 100 83 1 0 50 100 
2 15 123 98 90 68 60 56 115 17 33 67 
3 13 104 96 88 75 8 67 74 24 54 46 
4a 17 109 93 83 84 82 65 74 16 41 53 
4b 10 117 97 94 100 70 87 73 15 20 70 
4c 9 68 92 85 100 44 74 50 22 11 44 
5a 15 118 93 88 97 60 60 106 72 20 60 
5b 9 93 96 92 100 100 44 57 2 33 11 
6a 6 39 97 90 100 67 78 9 11 50 83 
11 31 U7L yb 07 7L 00 /1 /7/ iU SS b5 
rages: 
-Inception, 2-feasibility, 3-Sketch scheme, 4-Detail design, 5-Contract, 6-Construction 
Interpretation: 
Column: Meaning: 
(a) Identity of stage of work. 
(b) Number of operations in this stage of work. 
(c) Number of operational links within this stage of work. 
(d) Percentage of operational links with any form of differentiation 
(e) Percentage of operational links which are differentiated by skill. 
(f) Percentage of operational links which are co-ordinated. 
(g) Percentage of operations which exhibit proper feedback loops. 
(h) Percentage of elements of control present within operations. 
(i) Number of inter-operation links within this stage of work. 
(j) Percentage of inter-operation links with continuous directing. 
(k) Percentage of operations with no duplication. 
(l) Percentage of operations with involvement of the client. 
- excessive duplication throughout the project. 
- almost no client involvement in stage 5b; poor client 
involvement in stages 3& 4c; mediocre client involve- 
ment in stages 2,4a, 4b, 5a & 6b. 
This project is not at first sight a close match with the 
model, because of the multiplicity of decision points and 
stages; and the repetition of operations. Some operations 
actually take place throughout several stages of work. 
However, since they do not interact with other parallel 
activities, they may be treated organizationally as taking 
place within the stage of work into which they feed infor- 
mation. An example of this is the acquisition of the site, 
which took many years but is shown as a discrete single 
operation on the precedence diagrams. 
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'=='If the detail design stage is viewed as two separate 
stages (i. e. 4a & 4b), then the project fits the model very 
closely. The approval system used for this project was so 
slow that by the time the Home Office approved the basis of 
the detailed design, the client had altered the require- 
ments. These alterations were so radical as to necessitate 
the re-commencement of the whole stage of work, and the 
re-submission of the scheme to the Home Office for approval. 
The advance contract also resulted in a certain amount of 
repetition of decision points, in particular its own detail 
design, contract preparation and construction stages; but 
the decisions closely match those identified in the model. 
In organizational terms, the advance contract became a 
separate project and had its own discrete stages of work. 
In this way, the project configuration is expressible in 
terms of the 3R technique. 
7.5 DISCUSSION 
The overall figure for project success is 49%. This means 
that the project is very mediocre from most viewpoints. -.. 
Referring to Table XVII, the first two deficiencies seem 
t6 have originated from the inception stage; because it was 
at. this point where proper integration mechanisms should 
have been established and developed'for the project. The 
problems with the duration of the project and its cost were 
really due to the overall lack of-integration throughout the, 
scheme. 
The departures from the model in all work on'the`advance 
contract do not seem to have caused any problems. However, 
the sketch scheme and detail design (main contract) seem toi 
have beenthe'sources of most problems with the building. 
It seems clear from the interviews that most of the: 
project team did not feel very happy about this project and: 
their dissatisfaction seems : to stem from the lack of overall' 
direction given by the organizational structure. In defence, 
of the project team,, client and professionals, it must be' 
remembered thatýthe'architect's department had only been 
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Table XVII: Project C deficiencies related to departures 
Stage of Work: Deficiency: Departures from the model: 
1 Inception 1 Mediocre control; no integ- 
ration; excessive duplic- 
ation. 
2 Feasibility 2 Mediocre co-ordination feed- 
back, control and client 
involvement; almost no int- 
egration; excessive duplic- 
ation 
3 Sketch scheme 4,5,6 Almost no feedback; mediocre 
control; poor integration & 
client involvement; exces- 
sive duplication 
4a Detail design 3,7,9 Mediocre control; almost 
(main) no integration; mediocre 
client involvement; exces- 
sive duplication 
4b Detail design 3,7,9 Almost no integration; 
(main) mediocre client involvement; 
excessive duplication 
4c Detail design Poor feedback; poor integ- 
(adv. ) ration and client involve- 
ment; excessive duplication 
5a Contract Mediocre feedback, control 
(main) & client involvement; exces- 
sive duplication 
5b Contract Poor control; almost no 
(adv. ) integration; excessive dup- 
lication; almost no client 
involvement 
6a Construction Mediocre feedback; almost 
(adv. ) no integration excessive 
duplication 
6b Construction 8 Poor integration; 
(main) excessive duplication; medi- 
ocre client involvement 
7 Commissioning No data available. 
Rey to deficiencies: 
1. Project took too long to complete 
2. Final cost was over budget 
3. Bad heating & ventilation 
4. Narrow corridors and floors 
5. Lack of parking facilities 
6. Lack of interior space 
7. Need for a P. A. system 
8. Gymnasium consistently out of use 
9. Lack of storage/locker space 
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`formed at the outset of this project and found themselves in 
charge of a job which steadily grew in size year by year, 
but which had resources assigned to it based on the original 
size of project. This resulted in a grossly under-resourced 
project, highlighted- by the problems the county architect 
had in trying to get someone to pay for the design work. He 
had a design budget of £160,000 for what ended up as a 
project costing more than £5m. In addition to these 
problems, the Home Office had developed a new series of 
approvals which may have suffered from teething troubles on 
, this project. 
; -. Considering the severity of the organizational problems, 
it', seems that the project team's efforts must be viewed as 
successful, since their energies have been directed in many 
. cases at overcoming organizational problems, rather than 
. constructional problems, and the fact that the project is 
not a, complete failure is to their credit. 
The, organizational structure on this project produced a 
building which is not very well liked by the staff. It 
seems that the reaction of most people to the building is 
^, that it is mediocre in most respects. It performs its 
function adequately, and suffers from some specific prob- 
. lems. The project took a long time to complete,, and every 
stage, of work suffered delay of one form or another. 
r:. °The. overall indication is that the organizational struc- 
ture:, suffered from a lack of direction and co-ordination, 
. erratic 
feedback and integration,. low control and excessive 
duplication. A mediocre organizational, structure has 
produced a mediocre building, and resulted in an enormous 
amount-, of work being undertaken by, the 'project: teamz in 
. trying to mitigate the adverse -effects that the ý organ- 
°i zational structure had on the project., This. case -, study'has 
shown :a , high degree ý of correlation -between the -theory: -. and 
, the practice of organizational structure. '. 
rr 
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CHAPTER EIGHT: ANALYSIS - CASE STUDY D 
The results for the fourth case study are presented and 
analysed. 
b 
,aa 
8.1 PROJECT DESCRIPTION 
8.1.1 Outline 
This project was to build a county branch library in 
Southern England. The contract sum was £356,000 at March 
1981 prices, and the contract duration was 25 months, which 
includes construction delays of six months. Project 
management, architectural and quantity surveying services 
were, provided by the County Council Architect's Department 
and external structural and services engineering consultants 
were appointed. The contract was let by competitive tender 
to-a medium-sized local contractor. 
.,,, The. 
development was on a site originally purchased for the 
use. of_ a Health Centre scheme which did not go ahead. 
Whilst the site was available, it was not ideal for a 
library, because it was difficult to gain access from the 
main, road. To overcome this problem, a short access path 
between the main road and the site was provided. This 
involved lengthy negotiation with existing landowners. This 
access route now has the potential of becoming a small 
shopping centre because there is enough land under, the 
control of the council either side, of the path. Thus then 
library development has become a_ catalyst _, 1 for future 
development, in the area. . The 
intention is to provide-- a; 
further series of paths which will provide integration 
between this site and other nearby, sites. Coupled with this 
will. be a further development, possibly housing, which will. 
eventually complete the development of this sitewhich; was- 
originally intended for, only one, public building. ', These 
factors. combine to-make this project fairly-complex from. a 
planning, point of view., -, 
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'-, The library faces the shopping street, and a semi-circular 
plan creates a cloister-like enclosure. The rear interior 
wall of the library comprises a large artistic mural depict- 
ing the leaves of trees, and the main vertical structural 
elements of the building are fabricated in timber resembling 
tree-like structures. These tree symbols are clearly 
visible through the front of the building, which is predom- 
inantly glazing, and therefore act as an attraction to the 
public, encouraging future development of the site. 
'- The intention of the County Architect was to demonstrate 
that, public expenditure can be used to enhance an area 
beyond the boundaries of its own site. 
8.1.2 Objectives 
The interviews revealed that each contributor had specific 
objectives. However, it was abundantly clear that these 
conflicted. The County Architect wanted to use the library 
primarily as a catalyst for development. The County 
Librarian clearly wanted an "ordinary" branch library. This 
was'a fundamental difference which set the scene for many of 
the problems on this project. 
8.1.3 Project history 
-; -The community in this district was rapidly expanding and 
the',. library service wanted to increase its local service 
above the existing small, temporary library which had been 
provided as a stopgap in the-early sixties.. The site of the 
temporary library was originally intended to be the location 
of, the. new permanent facility. It was purchased--in 1966 and 
work was due to commence in the 1973/74 programme, for which 
£85; 000 had been included. f-The original- design -for., this. had 
been undertaken in 1968, by a private, practice-of, architects. 
Part of this site was due ', to become ýan -access ; road : for a 
proposed housing development. By. 1971,. -the planning 
diffi- 
culties with the integration-of the library and. the housing 
development , became ' so -complex, as ý to - prompt"-- the ý, County 
Architect to suggest' an alternative-, location- on. a. 'county 
owned,: site at the, back of the ;, town's-main , road. ". .. rA 
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feasibility study was undertaken for this site in February 
1972. - The County Planning officer could then seek release 
of the first site to enable access through it to land at the 
rear for the housing development. 
;, The second site was next to land being acquired for a new 
health centre which was due to commence in 1972/73. It was 
first thought that the original design for site no. 1 could 
simply be adapted for site no. 2, but this idea was 
abandoned in October 1972 because of the changes that had 
been made in the client's accommodation requirements. 
, ý, The benefits of the second site were listed in a report 
for-the Libraries and Museums Sub-Committee in March 1972: 
(a) The library will interact with the shopping arcade to 
the advantage of both, 
(b) the position is strategically placed to serve a much 
"I larger proportion of the catchment area than site no. 1; 
(c)e it would also mean that the new library would be 
re-sited very near to its original position; 
(d) ., a more useful shape could possibly be achieved in this 
more rectangular site. 
However, in October 1972 it was decided to drop this scheme, 
due to the severe planning difficulties. In November 1972 
there, were problems in getting planning permission for site 
no. '., l, because there was no access road. By January 1973 it 
seemed that planning permission would be granted on the 
first site, if there was to be no building on the front of 
the site. The County Librarian had misgivings about the 
plan but was anxious to get building work started as soon as 
possible on a permanent facility-for the area. However, in 
the. event the scheme missed the 1973/74, programme because of 
the delays in the planning approval stages. While problems 
over the access road were tackled other sites were, examined. 
c. By. July 1973 the plans for; the health centre on the second 
site had been aborted and the: -focus for the possible site . of 
the.. library moved back to this site. In April 1974 it was 
allocated. for library use. The scheme then-, became,! included 
for the. 1979/80 programme and the scheme lay dormant until 
1979. when the client, -issued their scheduleof-accommodation. 
The., development proposals were accepted by the client and 
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the Planning Committee in February 1980 and the scheme 
proceeded steadily from there. 
"Work finally started on site in May 1981, at a contract 
sum of £356,000, and completion was scheduled for September 
1982. The work was on programme until August 1981 when it 
fell behind by one week. By October it was six weeks behind 
programme, and the delays due to various factors continued 
to accumulate resulting in a total of six months by the time 
the contract was over. 
One of the delays during the construction stage resulted 
from the approval given to the County Library Service to 
install security systems in its larger libraries, including 
new-ones. Such a system, though not in the original design, 
had to be accommodated. This created several design 
problems and led to a delay in the completion of the 
project. The delay was compounded by disagreement between 
, 
the architect and the client over the type of system to be 
installed. 
The final cost of the project was higher than usual for 
this client. An example of the factors influencing this is 
the large area of glazing to the front elevation of the 
building. At the construction stage the advisors had second 
, 
thoughts on wind loading, deflection and rocking due to ex= 
pansion. This resulted in changes, and the incorporation of 
reinforcing to the glazing support at great cost. 
8.2 ENVIRONMENTAL COMPLEXITY ANALYSIS 
8.2.1 Qualitative analysis of environment 
(a) 7 Certainty/uncertainty surrounding the project 
It is unclear when the needfor a new building was 
identified; it was certainly before 1966, and it'was-clear 
that°a new facility was-required. The location and relation 
of'theýfacility to its surroundings were not clear. -' 
'c, 'The definition of the'scope of the project was clear'from 
the , outset . 
, 
The client was familiar with the provision of this type 
of building. 
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The project was subjected to unexpected events. During 
,. the early stages the project was excluded from the intended 
'programme. The planning constraints involved repeated 
changes of location, resulting in abortive design work. The 
legal boundaries to the site were not clear, but this did 
not. emerge until the design work was at an advanced stage. 
, The integration of the scheme with existing users of 
{neighbouring sites resulted in the need for third party 
approvals. 
(b) Conflict identified in the project 
There was mild conflict between the architect's ideas for 
aesthetic appearance, and the client's ideas for utility. 
There was difficulty integrating some of the service ducts 
with the design of the building. There were conflicting 
requirements from the library users regarding the ideal 
location of the site, because the area had more than one 
, identifiable "centre". 
(c),,,, An outline of the complexity of the project 
Spatially - the location resulted in complex planning 
issues regarding access to the site, compounded by spatial 
and functional integration with future developments. The 
`areas provided were to client specification. 
Technically - complex timber fabrication was required for 
the,, vertical structural supports. There were difficulties 
, 
complying with the building regulations. The roof tiles do 
`not lie well on the curved. roof. Glazing panels were 
=subject to distortion and excessive deflection under wind 
loadings, and had to . be reinforced. Difficulties were 
experienced integrating heating services with the layout and 
structure of the building. Electronic security was included 
F 
at an advanced stage of construction. 
Aesthetically - The integration of the scheme with the 
future development of the site created planning problems and 
high aesthetic demands. .. 4ý'ý" 
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8.2.2 Quantitative analysis of environment 
Table XVIII: Project D quantitative environmental analysis 
Branch Library in Southern England 
ENVIRONMENTAL FACTOR: Def Sta Mit Tot 
LEGAL/INSTITUTIONAL: English Law 
applied. Well-known Std Form of 
Contract was used. Familiar Condns 
of Engagement for external consultants. 
A mixture of in-house and external 
consultants, all of them belonging 
to their professional institutions. 
External consultants had counterparts 
in the County Council for liaison. 1135 
TECHNOLOGICAL: The solution adopted 
involved a novel use of structural 
timber. The unusual shape of the 
building resulted in innovative 
glazing and roofing solutions. 
Location was subject to frequent 
changes in the early stages. 
Eventually the site chosen was an 
urban in-fill site and was not easily 
accessible from the main road. 1337 
FINANCIAL: Cost limits for the 
project were clear, but could be 
subject to change. 1337 
AESTHETIC: The design was aesthetically 
innovative, and became interdependent 
with the County Architect's policy 
toward the building. 1236 
POLICY: The problems of access were 
overcome by the county architect 
developing an innovative design which 
was used as a feature to encourage 
future development in this area. 
Unfortunately this very strong policy 
was sometimes in conflict with the 
librarians' view of the project. 3339 
E. C. I. = 
(5 x7x7x6x 91o zx 100 = 74% 
9 
KEY: Def = Definition, Sta = Stability, Mit = Mitigability, Tot = Total. 
Table XVIII shows the quantitative analysis of the 
environment. The resulting ECI of 74% indicates that the 
environment was the most complex of all four case studies. 
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8.3 POST-OCCUPANCY EVALUATION 
The library users are clearly far more satisfied than are 
the client and project team, who in turn are more satisfied 
than the staff. However, the only aspect which generates 
enthusiasm from all three groups is appearance. 
The general questions about the environment within the 
building produce a range of different views. Only the staff 
are dissatisfied. Likewise, noise scores badly for the 
staff, but scores well for the others. The biggest diff- 
erence in opinion is about the heating and ventilation. 
This-draws almost unanimous condemnation from the staff, but 
a mediocre response from the project team, and a high level 
of satisfaction from the users. Presumably the staff expend 
a lot of effort in trying to control the internal environ- 
ment of the building, overcoming the adverse effects of the 
thermal performance of the building. 
The time taken to complete the building draws opinions 
from most of the staff. The weighted average satisfaction 
level of 36% for this aspect is very low. It is not clear 
if their responses refer to' the time taken to find a 
suitable location and to develop the project, or merely to 
the construction period. The interviews with the project 
-team 
indicate that the responses refer only to construction. 
The overall satisfaction of the staff has decreased with 
time, whereas the users' satisfaction is increasing. 
, The overall picture is that functionally the building is 
not, very good, but aesthetically it is excellent; the three 
surveys give a combined average satisfaction level of"59%. 
The, reslts for the survey of the users is given in 
Figure'20, as an example of the responses. 
The following are the deficiencies revealed by the surveys 
and ý: interviews : 
1. -: Poor heating & ventilation 
2.,, Poor access to first floor 
3., Poor design in terms of layout and wasted space 
4.., Lack of-car-parking spaces 
5. Lack of public toilets,, 
6. Lack of seating-. 
7. Inaccessibility to lower shelves 
8. , Noise and lack of privacy for quiet`%reading 
9. Inadequate lighting'- 
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Figure 20: Project D post-occupancy evaluation 
10. Incorrectly specified roof tiles 
11. Mezzanine floor not performing satisfactorily 
12. Unspecified maintenance costs higher than usual 
13. Delays in planning and construction stages of project 
14. Extra support needed for glazed front wall 
15. Higher than usual cost 
8.4 SUMMARY OF 3R ANALYSIS 
The 3R analysis is summarised in Table XIX, and the main 
departures from the model are listed below: 
- Mediocre Co-ordination in stages a2, a3, b2 & b3. 
- Mediocre Feedback in stages a2, a3, b3, and c2; poor 
Feedback in stages b2, c3 & 4; no Feedback stage 5. 
- Mediocre Control in stages 1, a2, a3 b2, b3 & 6; poor 
Control in stage c2. 
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-Mediocre Integration in stages a2 and c2; poor 
Integration in stages a3, b2, b3 and 6. 
-Excessive Duplication in stages 1, a2, a3, c2 & 6. 
-. Mediocre Client Involvement in stage a3 &, b3; poor 
" Client Involvement in stages c3,4 and 6; none in 
stage 5. 
There was a great deal of difficulty in this project 
applying the test for Client Involvement. This problem lay 
in''the large number of client personnel actively involved 
at various times in the project. The varied involvement of 
such a range of people suggests that it would be unhelpful 
simply to use them all in the test. Thus the identification 
of a primary Client Integrator is worth pursuing. There 
were seven possible candidates for this title, as follows: 
County Librarian (1), County Librarian (2), Divisional 
Librarian, County Library's Development Officer, Library & 
Museums Committee, Recreation Committee and the --Borough 
Libraries & Museums Sub-committee. None of these organiza- 
tional units behaved as if they were a client Primary 
Integrator, but they all had various powers and responsib- 
ilities for the project. 
County Librarian (1) was involved in 22 (32%)-of the 
activities, with an intensive early involvement reducingtoý 
almost nothing in the later stages. 
County Librarian (2) replaced the first one and was 
involved only in the construction stage, for just-5, (7%) of' 
the-activities. If the two are treated as one organiza- 
tional,, unit, then their combined involvement spans 38% of 
the work (they overlapped on one activity). 
The .. Divisional Librarian was 
involved p in-. 10 of the' 
activities, giving an involvement over_14% of, the work, and,, 
the, County Librarian's Development Officer was involved in 
15 (22%) of the activities, always only in'a'-consultative. 
role. With such a job title it would seem that this person, 
may-have been the Primary Integrator, but his actual 
involvement does not bear this out. 
Of the three important client committees, the Library & 
Museums Committee was involved in only one-approval_-and,,, 
despite, its title, As probably insignificant in.., involving 
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the client with the development process. The Recreation 
Committee was involved in 9 activities (13%) most of which 
were exercising approval powers at decision points and 
therefore played an important role. The Borough Libraries 
& Museums Sub-committee was involved in 3 activities (4%) 
and was not significant in the decision-making process. 
The important Client Integrators, then, are the County 
Librarian (1 & 2) and the Recreation Committee, whose 
importance stems from the Approval powers at decision 
points. The combined effect of these particular integ- 
rators, ignoring the others, is a Client Involvement of 45%. 
Table XIX: Project D summary of 3R analysis 
DIFFERENTIATION Feed Cont Integrn Non Cli 
Stg Op Ln Agg Skl Crd back -rol Lnk No Dup Inv 
(a) (b) (c) (d) (e) (f) (g) (h) (i) (1) (k) (t) 
no no % % % % % no % % % 
1 2 3 100 67 100 100 50 1 100 50 100 
a2 2 6 100 100 67 50 50 2 50 50 50 
a3 7 32 100 88 50 57 48 10 30 57 57 
b2 5 41 100 90 68 20 40 20 20 80 80 
b3 6 48 98 98 50 50 44 30 13 83 67 
c2 9 55 100 89 96 44 35 14 50 44 78 
c3 9 42 100 86 95 22 74 34 88 100 33 
4 6 37 100 95 95 17 72 21 76 100 17 
5 11 78 100 92 91 0 73 58 81 91 0 
6 12 91 100 92 97 100 64 51 16 42 42 
69 433 100 91 84 43 58 241 50 72 45 
Stages: 
1-Inception, 2-feasibility, 3-Sketch scheme, 4-Detail design, 5-Contract, 6-Construction 
Interpretation: 
Column: Meaning: 
(a) Identity of stage of work. 
(b) Number of operations in this stage of work. 
(c) Number of operational links within this stage of work. 
(d) Percentage of operational links with any form of differentiation 
(e) Percentage of operational links which are differentiated by skill. 
(f) Percentage of operational links which are co-ordinated. 
(g) Percentage of operations which exhibit proper feedback loops. 
(h) Percentage of elements of control present within operations. 
(i) Number of inter-operation links within this stage of work. 
(j) Percentage of inter-operation links with continuous directing. 
(k) Percentage of operations with no duplication. 
(I) Percentage of operations with involvement of the client. 
8.5 DISCUSSION 
Table XX shows how the deficiencies in the project are 
related to departures from the organizational model. The 
- 148 - 
Inception stage is the time to set up an . appropriate 
organizational structure, thus the delays that plagued the 
entire project have been attributed to this stage, and the 
lack of an appropriate organizational structure could be 
r 
attributed to the poor Control in the first stage. 
Although the first two Feasibility and Sketch Scheme 
stages contributed slightly to the overall problems, the 
duplication of stages is a result of inadequate organiza- 
tional structure, rather than the cause of outcome 
deficiencies. Since most of the work undertaken in those 
stages was abortive, it would be difficult to justify 
attaching much importance to their influence on the end 
result. 
The final feasibility stage which resulted in the choice 
of this location committed the project team to a site which 
lacked car parking spaces. The adventurous shape of the 
{ 
building may be the reason for some users' perception of a 
mis-use of interior space, and the level of finishes and 
complexity of fabrication which also directly arose from 
this stage produced a higher than usual cost for the 
building. This extra cost seems to have been absorbed into 
the budget by reducing the scale of the scheme somehow, but 
it is not entirely clear. ' Mediocre Feedback and 
Integration, and poor Control are the organizational 
problems at this stage. 
The ensuing sketch scheme will have committed the project 
to-the internal arrangement of space. This produced poor 
-access to the first floor, and layout problems such as noisy 
users conflicting with those who just wish to quietly read. 
. There were also. detailed problems with the-layout, and 
continued commitment to-higher than usual cost during this 
stage: ', " Poor Feedbackand -poorClient' Involvement. would be 
the causes of any deficiencies-arising-, from-this stage. 
At Detail Design stage, many of the detailed decisions were 
takenx, which resulted in the, poor, heating and ventilation, 
lack of public toilets, lack of seating, inaccessibility to 
lower shelves, inadequate lighting, higher than usual 
maintenance costs, extra support being needed, to withstand 
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Table XX: Project D deficiencies related to departures 
Stage of Work: Deficiency: Departures from the model: 
1 Inception 13 Poor control. 
a2 Feasibility Mediocre feedback, integ- 
ration & client involve- 
ment; poor control. 
a3 Sketch scheme Mediocre feedback, control, 
co-ordination & client 
involvement; poor 
integration. 
b2 Feasibility Poor feedback & integration; 
mediocre control. 
b3 Sketch scheme Mediocre feedback & 
co-ordination; poor 
integration & control. 
c2 Feasibility 4,15 Mediocre feedback & integ- 
ration; poor control. 
c3 Sketch scheme 2,3,8, Poor feedback & client 
15 involvement. 
4 Detail design 1,5,6,7, Poor feedback & client 
9,13,15 involvement. 
5 Contract 10,11,12 No feedback; no client 
15 involvement. 
6 Construction 11,13 Poor integration, 
duplication of 
co-ordination; poor client 
involvement. 
7 Commissioning No data available. 
Key to deficiencies: 
1. Poor heating & ventilation 
2. Poor access to first floor 
3. Poor layout with wasted space 
4. Lack of car parking spaces 
5. Lack of public toilets 
6. Lack of seating 
7. Inaccessibility to lower shelves 
8. Noise and lack of privacy for quiet reading 
9. Inadequate lighting 
10. Incorrectly specified roof tiles 
11. Mezzanine floor not performing satisfactorily 
12. Maintenance costs higher than usual 
13. Delays in planning and construction 
14. Extra support needed for glazed front wall 
15. Higher than usual cost per square metre 
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deflection of glazed front wall and again, -more commitment 
to, higher than usual cost. These problems seem to be a 
result of the poor Client Involvement observed at this 
stage. 
The Contract stage includes specification as well as cost 
checking and estimating. It is considered that in this 
stage originated the incorrectly specified roof tiles, the 
structurally unsound mezzanine floor and the problems with 
the' maintenance of carpet. At this stage there is no 
Feedback and poor Client Involvement. 
Finally, the construction stage may also have contributed 
to'the lack of performance of the mezzanine floor. It may 
also be partly responsible for the higher costs. These 
deficiencies could be connected to the mediocre Integration, 
Duplication of Co-ordination and absence of Client 
Involvement. 
The organizational structure for this project produced a 
building which was very well liked by the users, but not 
very well liked by the staff. The average weighted satis- 
faction level for each of these groups is 73% and 44% 
respectively, giving an average level of 59%. 
The overall indication is that the organizational 
structure was not properly equipped to deal with the 
complexity of the environment. Many of the organizational 
problems may have been avoided had the organizational' struc- 
turebeen designed adequately in the first instance. The 
success of the project is due to the commitment and 
enthusiasm of one or two individuals, and much effort was 
expended by the project team in trying to mitigate the 
effects the project's environment, rather than workifng on 
the detailed design problems they were appointed to deal 
with. This wasted effort must be a major contributory 
factor to the technological difficulties encountered on this 
project. 
.. _r. ýýýý.. », 
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CHAPTER NINE: DISCUSSION OF RESULTS 
The results are discussed in terms of the compatibility of 
the model with observations of case studies. The applic- 
ation of the new technique of post-occupancy evaluation is 
considered, and its relationship with the analysis of organ- 
izational effectiveness. Skill diversity is related to 
environmental complexity, and the results are discussed in 
terms of their implications for the hypotheses and the 
model. 
9.1 COMPATIBILITY OF THE MODEL WITH OBSERVATIONS 
In order to maximize the potential for success of const- 
ruction projects, their organizational structure should be 
designed according to the principles expounded in chapter 
three. The model that has been developed shows 'stages'` of 
work taking place in a flexible sequence, with possibilities 
of overlaps between some of the stages. Three; of the 'case 
studies exhibited repeated stages of work. This was not 
1foreseen in the theoretical discussion of the model`. "On 
examining the results from the organizational tests, it 
seems that in all three cases of repetition, the reasons for 
abortive work lie with deficiencies in the organizational 
structure used. The flexibility of the model lies'in the 
generalized nature of the definitions used for the stages of 
work; `and this means that it meets the quirks of construc- 
tion organization without any problems. 
The punctuation of the stages of work by decision points 
was observed, as predicted. In many cases the decision 
making process was highly tortuous, being subject to long 
chains of Approval and Recommendation as various committees 
vetted'each other's'decisions. The 3R charts' show that the 
organizational unit which was to use the facilities being 
builCwäs not always " involved- in the briefing'or'decision- 
making process. Decisions were often taken by a variety of 
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committees and senior officers- who were remote from the 
users. For example, decisions about the location, layout 
and"design philosophy of the fourth case study (the branch 
library) were taken by the Chief Architect in conjunction 
with the Planning Authority. ' The Libraries Committee had 
little choice in the matter. This produced a building which 
although not ideal as a library, is architecturally very 
successful. 
All four case studies matched the analytical model closely 
in-terms of the structure of Managing, Control and Operating 
Systems. 
The second step in discussing the detail of the results is 
to examine the success with which the mapping technique can 
cope with the actual observations made of the various organ- 
izational structures. The mapping technique lends itself- 
well to the expression of projects as a series of linked 
stages. It also takes account of the situation where some 
stages overlap. 
In the initial stages of this study, Walker's data format 
was explored. One, of_ the consequences of using Walker's 
data format was the extent of data manipulation. The case 
studies used here were so large and complex that the LRA 
diagrams were up to 7 metres long, and a computer programme 
had'. to be developed in order to analyse the projects, and 
count the various items required in the tests. The 
simplified data format renders this unnecessary because the 
analysis is much quicker and easier. - An example of the 
speed, of analysis is given by case study A which took nearly 
a week to analyse using Walker's data format, but only a 
matter of hours to analyse using the new data format. 
92 POST-OCCUPANCY EVALUATIONS , -, 
The- results for each of the tests must be considered in 
relation to the achieved success of each project. Although 
it, -is inadvisable to place much credence on a single figure 
summarizing an "evaluation -(Blachere, -1970), there - issome 
merit", in seeking a' single ' quantity:, purely for the ý sake'' of 
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indicating comparability between projects. This is always 
providing that any such single figure must not be allowed to 
assume more importance than the component parts of the 
investigation. In terms of relating the success of a 
project to its organizational structure, it is the ind- 
ividual parts of the assessment which contribute the most 
useful information, not the final overall figure. 
The structure proposed for post-occupancy evaluation in 
chapter two produces a survey which is tailored to suit each 
project in terms of details, whilst retaining a pattern 
which enables comparisons between projects at a more general 
level. The aggregation of the responses to derive a single 
quantity indicates the overall success of each project. 
These scores are summarized in Table XXI. 
Table XXI: Summary of P. O. E. results 
Project Success Description 
A 59% Hospital kitchen/diner 
B 81% Day care centre 
C 49% Police headquarters 
D 59% County branch library 
The most important qualitative information from the P. O. E. 
is the list of perceived deficiencies in the finished 
building. By examining the project diary it has been 
possible, for each of the case studies, to determine which 
stage of work generated each deficiency. This is an 
important step forward in the evaluation of the effective- 
ness of building project organization. 
9.3 RESULTS FROM THE TESTS 
The tests on the case studies are discussed in relation to 
each other, and observations are given on the organization 
of public sector building projects. 
9.3.1 Skill diversity 
The first hypothesis was that in order to maximize the 
potential success of a project, the organizational structure 
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should provide a level of skill diversity that matches the 
environmental complexity. This is the test of contingency. 
As noted in chapter five, the technique of measuring 
complexity in the environment produces an ECI which still 
requires calibrating. The results from the case studies for 
this particular test cannot be discussed in isolation from 
each other. But before looking at the results, the problem 
of relating environmental complexity to project complexity 
needs to be examined. 
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Figure 21: Relationshin between different PCIs 
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9.3.2 Environmental complexity versus project complexity 
The ECI is expressed as a percentage, but the minimum 
possible value it can have is 33%, due to the scoring tech- 
nique used. If the number of differentiated links is taken 
to represent skill diversity, then this scale has no theor- 
etical maximum, and is therefore difficult to relate to the 
ECI which is in the range of 33-100. An alternative 
indicator of project complexity could be the number of boxes 
on the charts which have roles entered in them. Both of 
these indicators suffer from the same problem; that they do 
not exist on a finite scale as does the ECI. Table XXII 
Table XXII: Indicators of project complexity 
Project ECI SD OB Success 
A 66 463 691 59 
B 52 159 343 81 
C 71 937 1415 49 
D 74 396 578 59 
KEY: ECI = Environmental Complexit y Index 
SD = Skill Diversity 
OB = Occupied Boxes 
summarizes the quantities for comparison. It also shows the 
levels of project success. This is because any discussion 
of the results must be done by reference to the achieved 
project success. The relationship between indicators of 
project complexity is expressed graphically in Figure 21. 
This shows that the two indicators of project complexity 
(skill diversity and occupied boxes) are directly propor- 
tional to each other. Therefore, in terms of comparisons 
between projects, they will each give a similar picture. 
However, they are not equally easy to derive, and it is 
suggested that the "occupied boxes" indicator should be used 
for an easier Project Complexity Index (PCI). This clearly 
shows that it is unnecessary to examine the skills of every 
person in the operating system in order to arrive at a 
figure for Skill Diversity. The same comparative assess- 
ments can be derived by simply counting up the number of 
occupied boxes in the 3R chart. This may well be because 
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most of the operational links display very high levels of 
differentiation; but it is clear that the two quantities are 
very closely linked. Therefore it can be concluded that 
future analyses need only count the number of occupied boxes 
,: 
to assess the project complexity. 
With only four case studies it is clearly impossible to 
statistically analyse the relationships between the var- 
; iables of ECI, PCI and project success. 
. 9.3.3 ECIs & PCIs from the case studies 
Project B had the simplest environment, the simplest 
, organizational structure and the best level of success. As 
such it may be taken as an approximate datum amongst these 
-four cases, indicating the requisite level of project 
complexity for an ECI of 52. The ECI for project A is 
higher than that for project B, at 66, but the PCI is nearly 
twice the level of project B in terms of occupied boxes. 
-Since the increase in PCI is far greater than the increase 
'in ECI, it may be assumed that the increase in PCI is too 
. 
much (i. e. there is too much Skill Diversity in project A). 
. This accounts for the reduced 
level of success on project A 
compared to project B. 
Project D has the same level of success as project A, at 
59%. Therefore, for these two projects the relationship 
between ECI and PCI may be expected to be similar. ; However, 
whilst the ECI for project D is the highest, at 74, the 
: Skill Diversity is slightly lower than that for project A. 
Since the level of success is no better, it may be-'assumed 
that: the reduction in the level of Skill Diversity*is too 
severe.. 
Proj ects ,C and D had similar ECIs, but project C' had a PCI 
more-, than double that of project D. Since project C 
resulted--in a lower level of success than D, then"it may be 
assumed that the project organizational structure was too 
complex.. The project organization is so diverse, as to be 
entirely, -inappropriate ý to the environment within which it is 
operating.. Thus, the level of success for projectýC-isýthe 
worst-of all, four cases. 
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Despite this, some speculation ought to be offered 
relating project complexity to environmental complexity. 
Firstly, an imaginary project of ultimate simplicity would 
have a PCI of 1 and an ECI of 33 (the calculation for ECI 
precludes lower figures than this). Also the result for 
project B established that a PCI of 343 was approximately 
appropriate for an ECI of 52. This gives us two points from 
which to construct a relationship. The preceding discussion 
indicates that the PCI for project A was too high, and the 
PCI for project C was exceedingly high. Also, the PCI for 
project D was considered to be lower than appropriate. These 
deviations could be explained if a straight line is drawn 
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through a graph of ECI vs PCI, as in Figure 22. This 
straight line relationship is purely speculative` and is an 
attempt to point the way towards an answer to the question 
"how complex should a particular organizational structure 
be? "; i. e. the graph in Figure 22 could be used as an 
indicator of expected PCI for a given ECI. 
This relationship is not proven by the current study, but 
is: suggested here as a start point for future research work 
in this field. 
`-To the extent that this hypothesis provides a regular 
framework within which to discuss the issues, the hypothesis 
is, validated by the observations. To ascertain the relat- 
ionship between environment and Skill Diversity, more work 
needs to be done; but it is clear that the model creates a 
consistent picture of what happens on construction projects. 
9.3.4 Co-ordination 
1. -. The model proposes that the level of Co-ordination should 
be'.. 100%. Figure 23 shows that this was rarely the case. 
Some stages of work within projects achieved 100% Co- 
ordination, but none of the projects were consistent in this 
respect. Project D is interesting in that all of the non- 
abortive stages had levels of Co-ordination above 90%, and 
abortive -stages exhibited low Co-ordination results. 
Although other tests give low results for abortive stages, 
noneý. of them give high results for non-abortive _-. stages. 
This strongly suggests that= the lack of Co-ordination 
resulted in a low quality of work in the early stages of 
project D which led to the repetition of those stages. The 
other. project suffering abortive stages (project A), -,, also 
shows, a steady decline in co-ordination leading to the total 
shelving of the project., These, results, givesa very-strong. 
indication that Co-ordination is l . -critical , 
in x.;. terms of, 
keeping the proj ect, going. and ; avoiding wasted work. 1, - ., ý 
The high score for-project c In this. test did : not coincide 
with a high score for: 'project success., This is because.,. the, 
role', of: Co-ordination; was; not continuously exercised, byzthe 
same person. 'The' intermittent, application"of thistrole'is 
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not revealed by this test, the focus of which is the Oper- 
ation. It is the test for Integration which reveals Discon- 
tinuities in the Managing system, (i. e. intermittent applic- 
ation such as this). 
This hypothesis has been tested by examining each Oper- 
ational link in the Operating System for the application of 
the role of Co-ordination. This role is defined for whole 
Operations only. Because of the distinction now drawn 
between Co-ordination and Integration, and the preceding 
conclusion that the number of Operational links need not be 
examined for Differentiation, it is now feasible to suggest 
that Co-ordination can be expressed as the percentage of 
Operations in which the Co-ordinating role is exercised. 
The hypothesis has shifted the emphasis away from detailed 
considerations of types of Differentiation, and their con- 
comitant demands for Integration. This has been done in the 
interests of streamlining the model. The explanations of 
organizational deficiency produced by this test are valid- 
ated by the case studies, thus this simpler approach is 
justified. 
9.3.5 Feedback ° 
The third hypothesis tested the level of Feedback. The 
model proposes that this should be 100%. ' Figure. 24 shows 
that project A demonstrated a very high level'of. Feedback, 
at 94%, whereas the other projects showed marked departures 
from the model. Projects C and D were particularly erratic 
in'-this respect. 
Project D has the worst score for Feedback of all--. four 
cases, 'but the achieved success was not the worst. However, 
during the P. O. E. survey, there was a lot of dissatis- 
faction expressed by the client-employees with the extent to 
which they felt able 'to 'influence the design of the building 
and the finishes and fittings. It was clear that this was 
always "the architect's building", which the library would 
use after it was designed. On the other hand, the inter- 
views on project A revealed very little dissatisfaction from 
the., client's project team. -,, -. These-, results 
'suggest that the 
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significance of Feedback is that it is an important determ- 
inant of job satisfaction for the project team. This is in 
line with accepted wisdom on this topic; that feedback is 
essential for effective work and job satisfaction. 
There are some circumstances where Feedback falls to very 
low levels, but this does not always result in perceived 
deficiencies in the review of the success of each project. 
The lack of Feedback does seem to correspond with client 
unease about the process of briefing and design. 
9.3.6 Control 
. ": The model states that the level of Control should be 100%. 
The summary of the results for this test are given in 
Figure 25. This shows a wide range of results, some of 
which are very low. However, when considered in conjunction 
with the P. O. E. results, it is clear that poor Control on 
its own does not seem to be a cause of project deficiencies. 
This is probably because the project team can overcome the 
effects of poor Control through, for example, making 
assumptions, and acting as if decisions have been taken. 
The lack of Control on the case studies will probably result 
in a higher workload for the project team, in attempting to 
overcome the resultant adverse effects. This would explain 
why there are few deficiencies arising from particular 
stages of work with low Control: It also explains why the 
projects with the lowest overall results for Control are the 
least satisfactory. The exception to this -is , project D. 
This had the worst result for Control, but the achieved 
outcome does not reflect,, this. It may be that the inord-' 
, 
inate number of personnel-on this project was connected with 
the lack of Control. 
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9.3.7- Integration 
The next test was for Integration. The model proposes 
that the role of Integrating should be continuously exer- 
cised wherever there is a Discontinuity in a project's 
Managing System. The results for all four case studies are 
summarized as a graph in Figure 26. Project B has the best 
results for this test, which is interesting because this 
project also produced the best outcome; even so, it did not 
achieve 100% Integration. 
Of the four case studies, project C is clearly the worst 
case of Integration, and also, the worst outcome. Project 
D, also demonstrates some very poor results for this test. 
The amount of Integration is 20% or below for three of the 
stages, and two of them form part of the abortive work. 
These low, scores in certain stages of the project suggest 
that this is a reason for the abortive work, except that not 
all low, Integration scores correspond to abortive stages. 
This test reveals some startling facts about the organ- 
ization of the case studies looked at. It seems unusual to" 
find Continuity in the management of these projects. There 
are indications that the lack of Integration can; result in 
abortive'work, and that the level of Integration is critical' 
in achieving project success. Some of the most important 
Discontinuities in the Managing System occurred because key. 
personnel left, to work elsewhere. This problem seems to be 
heightened in public sector organization because of the., 
extremely long lead-in times for construction projects; pi 
which increases the likelihood of losing key personnel? 
during the life of a project. 
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9.3.8 Non-duplication 
The model proposes that the Managing System should not 
contain Duplicated roles. Figure 27 shows the graph of the 
results for all four case studies. The percentages indicate 
the proportion of Operations not exhibiting Duplication. 
This test is effectively a series of tests, the figures for 
which have been rolled 'up. Each Operation is examined for 
the occurrence of four different roles, and if none-of them 
are Duplicated then that Operation is said not to contain 
Duplication of the Managing System. The extent or`severity 
of Duplication within an Operation is not accounted for. 
Thus Duplication of one of the four roles counts the same 
as a Duplication of all four roles. 
Project A has excessive duplication at the construction 
stage, which was the only occurrence total Duplication (or 
zero Non-duplication) in a stage of work. This stage 
produced an outcome deficiency. Project B also had severe 
problems of duplication, again leading to dissatisfaction in 
the finished project. This case study had the only, 
incidence of excessive duplication occurring as the sole 
organizational departure in a stage of work. Again, this 
produced an outcome deficiency. Project C was the-worst 
case for this test, scoring only 33%. Like the previous two 
cases it suffered-from duplication at every stage, ' but in 
this case it was always compounded by other organizational 
departures. Not all of the stages with excessive Duplic- 
ation lead to deficiencies in the finished project. Project 
D 'had the best score for this test, at 72% overall. This, is 
the only case where Non"-duplication rose beyond 83%; 'indeed 
it- reached 100% for two-of the stages. However, -, these, 
stages still have outcome deficiencies. 
, 
This test reveals that'Non-duplication may be acontrib- 
utory factor to project outcome deficiencies, but that the 
elimination of duplication does not eliminate project 
deficiencies. The implication is that excessive duplication 
will- produce a sub-optimal result, achieving satisfaction 
for, none of the contributors. There may be good reasons for 
'this to happen, '' but, the'case: 'studies suggest that the 
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Figure 27: Non-duplication results by stages of work 
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incidence of intense Duplication was not planned for by the 
project organizations because they tended to be unable to 
cope with the extra demands created by this situation. 
9.3.9 Client involvement 
The final hypothesis was that the client should be 
involved in every operation in some role. The results are 
given in Figure 28. This test produces erratic results, 
apart from the first project, which scores 100%. All of the 
projects show 100% in the first stage of work, which is 
usually undertaken entirely within the client organization 
anyway. The level of the client's involvement seems to 
decline from that point onwards, in three of the cases. 
This test shows a confusing picture, mainly because of the 
variety of client personnel involved. This may well be a 
characteristic of public sector organization, when cons- 
idered in the light of the results from the previous test. 
The identification of a "Primary Integrator" was rejected in 
chapter three, as being a feature which would limit the 
applicability of the test to private sector projects. The 
indications are that responsibility for projects is spread 
so widely in the name of accountability, that it is almost 
impossible to find a client Primary Integrator. However, 
the results of this test indicate that this may not-be a 
modelling problem, ` but, a deficiency in- public sector 
building project organizations. The lack of a clearcontact 
point from the client. organization creates problems for 
project -teams. 
9.4 RANKING THE RESULTS 
`,, Because the'results, are comparable,. the, projects can be 
ranked in order of success. The ranking of the projects in 
order of merit gives B, A, D and C, with A&D equal 2nd. 
This ranking may be compared with the rankings produced from 
each test, possibly indicating the extent to which each test 
is an individual indicator of project success. - These 
rankings are shown in `Table XXIII. 
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Table XXIII: Ranking each project by test 
Project A B C D 
Test: 
Success 2 1 4 2 
E. C. I. 2 1 3 4 
Skill diversity 2 4 1 3 
Co-ordination 4 2 1 3 
Feedback 1 2 3 4 
Control 2 1 3 4 
Integration 2 1 4 3 
Non-duplication 2 3 4 1 
Client involvement 1 4 2 3 
1= highest score, 4= Lowest score) 
This table shows that the tests do not conform with the 
ranking for success to the extent that any one of them alone 
could be said to be an indicator of organizational approp- 
riateness. Clearly, if the tests have any value, it will be 
in their interaction and their aggregated effects. The 
closest ranking to that of success is Integration. 
From Table XXIII, it would seem that the success of each 
project was very closely linked to the complexity of the 
environment. This suggests that across all four projects, 
the project teams simply could not manage to mitigate the 
adverse effects of complex environments. 
Integration shows the closest match to the rankings of 
success, so this may be seen as the most significant organ- 
izational test from those selected for this study. Overall, 
the sets of rankings do not display a close pattern. This 
would suggest that the value of this technique cannot lie in 
the area of identifying cause and effect; neither can it lie 
in accurately predicting the result of particular organiza- 
tional departures. Rather, it provides a framework for 
modelling the procurement of buildings and a variety of 
processes within it. 
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'CHAPTER TEN: CONCLUSIONS & RECOMMENDATIONS FOR FURTHER WORK 
The extent to which the objectives have been achieved is 
discussed. The discussion is in six parts; the use of the 
If f 
Base studies, the creation of the new model, the use of the 
new model as an analytical tool, recommendations about #'2ublic 
sector construction, limitations of the work, and 
recommendations for future work. 
F. 
10.1 THE ANALYSIS OF PUBLIC SECTOR CASE STUDIES 
The first objective of this study was to analyse the way 
in which the public sector of the construction industry is 
ärganized. This objective arose from participation in a 
research project funded by the Science and Engineering 
2esearch Council about the performance of building project 
"irganizations. The goals of the SERC project were (a) to 
. analyse building projects using the Linear Responsibility 
Inalysis (LRA) technique to identify and measure theýorgan- 
izational features which affect the performance of project 
)rganizations; (b) to develop a method of measuring the 
performance of project organizations in terms of success in 
. aeeting project objectives; and (c) to relate the perf- 
irmance of project teams to the project structure adopted, 
s ,. 
-Y: n order to determine the factors which contribute to 
! ffectiveness in achieving project objectives. 
The pioneering work in this field was undertaken by Walker 
'1980),: who developed the technique of LRA. Walker's case 
studies were all from the private sector of the UK, construc- 
lion industry, and it was -clear 
that there was much scope 
or extending the applicability of, his technique. In 
ipplying LRA to public sector projects,. it became apparent 
that there was much work, to be done to develop and refine 
he techniques. The current study was undertaken in order 
o do this. When this, study was commenced, the 'aim was 
imply to apply Walker's model to the public sector of the 
q 
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construction industry, with the intentions of extending and 
validating it. One of Walker's recommendations for further 
research was to undertake a comparative study of different 
organizational structures. To this end, the four case 
studies were chosen in order to stretch the analytical 
technique, - and to develop the potential for comparative 
analyses. In order to achieve this, the case studies, 
although all from the public sector, were deliberately 
chosen for their diversity. It was also thought that this 
would avoid the problem of too much "narrowness" in the 
applicability of the findings. The approach soon revealed 
many limitations in the model, and it became necessary to 
include an additional objective: the development, of a new 
model which was simpler, more robust, and capable of 
encompassing both private and public sector projects. The 
complexity of public sector projects, compared with the 
private sector projects in Walker's study, resulted in a 
very close scrutiny of the level of detail necessary for an 
analysis of organizational structure. 
The net result of the modifications to the original 
objectives is that the focus of the study has shifted -from 
the application and validation of a model. It has become a 
study of the way in which organizational structures for 
building projects can be analysed, using four case studies 
from the public sector by way of example. The diversity of 
the 'case studies, and the small number of them, has meant 
that the findings, whilst broadly applicable, cannot be 
claimed to be definitive for all construction projects. The 
limitations arising from this approach are discussed in 
section 10.5. 
10.2~ THE NEW MODEL OF THE PROCESS OF BUILDING PROCUREMENT 
, The first objective was closely, linked with the second, 
which was to use a-systems approach to model the organiza- 
tional structures used in public sector construction. This 
approach has resulted in two distinct strands to the invest- 
igation; (a) modelling the process, and (b) hypotheses about 
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the best strategies to adopt in the management of building 
projects. The remainder of this section deals with the 
developments in the model, and section 10.3 deals with the 
hypotheses which have been tested. 
10.2.1 The Model 
The analysis undertaken to achieve the first objective 
provided a thorough basis for the model-building required by 
the second objective., The new model is capable of 
describing a wide range of projects in terms of the relat- 
ionships between tasks, and the roles and responsibilities 
of the contributors. It provides a robust and consistent 
picture of the various processes taking place within and 
around a building project. Briefly, according to the model, 
the' project exists as a mechanism for enabling the client 
organization to respond to its environment. In this way the 
building project is a mechanism for change. The client's 
Policy Decisions form the trigger and terminus to the 
process of building procurement. This process is sub- 
divided into Stages of Work, each terminated by a Strategic 
Decision. Each Stage of Work is further sub-divided into a 
series of Activities which are punctuated by Tactical Deci- 
sions. These Activities are sub-divided into operations 
punctuated by Operational Decisions. 
10.2.2. Decision points 
The new set of decision points at the strategy level 
provide a useful framework within which to analyse building 
projects. It is clear from the analysis of plans of work 
that all building projects pass through similar stages, and 
the results from the case studies confirm this. Initially, 
it seemed that three of the projects seemed to depart from 
the ideal state. However, it is interesting that they could 
easily be defined in terms, of the set of decision points 
once it was acknowledged that Strategy Decisions, and 
therefore Stages of Work, are repeated. 
- 174 - 
10.2.3 Managing, Control and operating Systems 
The Managing System regulates, maintains and adjusts the 
process of building procurement in terms of the project's 
environment. This is effected through the Control System, 
at-the Tactical level. The Operations can be linked sequen- 
tially and/or reciprocally. The interconnections and flows 
of information at this level constitute the Operating 
System. The definition of an intermediate level of system, 
the Control System, is new in this study. This has produced 
a..,, more flexible framework for modelling the various 
processes involved in the organizational structure of the 
case studies. It has enabled observations of the way in 
which environmental influences impinged on the case studies. 
10.2.4 Role Specifications 
,., The relationship 
between a contributor and the project can 
be; expressed as one or more roles. The development of a 
simpler specification of roles in this study signifies 
another area in which progress has been made. The inconsis- 
tencies and ambiguities which hampered earlier models have 
been eliminated. 
10.2.5 Mapping Technique and Analysis 
,: _The mapping technique has been successful for all four 
case studies. It has been based very firmly in previous 
work, and its antecedents are clear. The 3R charts are very 
much more straightforward, both in preparation and in 
interpretation than their predecessors. The symbols used 
forirole representation are much more accessible than those 
used in previous techniques. In terms of what has been lost 
by, the introduction of a new mapping technique, three items 
stand out. Firstly,, the overall picture of the whole 
project is not given on one piece of paper. Secondly, the 
Feedback loops are not drawn as lines relating decisions to 
each other. Thirdly, the levels of Differentiation-are not 
marked as clearly, and require counting in order to extract 
them from the data. 
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The biggest advantages of the 3R charts are the concise- 
ness with which the information can be conveyed, and the 
interpretation and analysis of the data contained in them. 
Under the LRA method, aspects such as Feedback, Different- 
iation and Integration could be seen, but their detailed 
quantification could only be effected by compiling 
calculation tables as an intermediate step. The data could 
be"extracted, but only after a considerable amount of data 
manipulation. Under the new mapping technique, these 
aspects can be ascertained by inspection, and extracted 
operation-by-operation for all of the tests. This greatly 
reduces the time spent on data analysis. 
10.2.6 Application of the New Model and Mapping Technique 
This study can be placed in the context of earlier works 
by-reference to the works of Woodward (1965) and Brech 
(1975) as quoted on page 15. The new model meets the needs 
outlined by Woodward for a technique to systematically 
describe and quantitatively evaluate complex organizational 
structures. It also answers her question about the assess- 
ment of the appropriateness of an organization to the needs 
placed upon it. The set of decision points are applicable 
to all of the case studies, and this confirms Brech's 
assertion that there are basic maxims applicable to 
organizations. The model allows for considerable differ- 
ences in particular applications. 
Three of the four case studies were subject to extreme 
pressures from the environment and from the client to such 
an extent that stages of work were aborted and repeated. 
Repetition occurred when the organizational structure 
departed from the ideal patterns described in chapter three. 
This repetition, therefore, may be viewed as a consequence 
of disorganization. These extremes were easily accommodated 
by the model. 
The adequacy of the model is borne out by the following 
quotation from Leavitt, Dill & Eyring (1973); 
"Perhaps we should measure the worth of a, model 
not only by how well it predicts, but how success- 
fully it modifies human behaviour. If it makes 
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people more effective than they were, or helps 
them learn faster, then it is a good model. " 
The model given in this thesis is not a predictive model to 
the extent that all organizational problems can be predicted 
and overcome before they arise: Rather it is a descriptive 
=model which will allow people successfully to design and 
communicate their ideas for effective organizational 
strategies. 
One of the key issues revealed by this study is the dis- 
satisfaction of building users (particularly the workforce 
within a new facility) with the process of building procure- 
ment. In the public sector this arises because in many 
, cases the users are not involved in the early stages of the 
`project; instead the funding body is solely responsible for 
the-development of the project. This creates, more than 
`ever, a need for a model of organization which will enable 
the establishment of opportunities for proper and timely 
participation of the users of a building in its development. 
'-As'-Brauer & Preiser (1976) state; 
"As organizations grow in size and complexity, the 
future occupants of facilities become more and 
more removed from the process that provides the 
facilities they need. This phenomenon results in 
misfits between the occupants and the facilities 
delivered for their use. " 
YThis is an area where the model offered in this thesis can 
=have a tremendous effect. The systematic methods which are 
suggested here provide a framework for ensuring that objec- 
s. ýtives are related to environments and appropriate control 
-systems are created within the project to ensure that what 
is=being produced is suitable. The discussion below (in 
: section 10.3) on feedback and project evaluation is also 
. -important in this context. 
10.3 ORGANIZATIONAL STRUCTURE AND PROJECT OUTCOME'' 
The third objective of this study was' to seek, relation- 
ships between the structure of an organization; and the 
-, outcome of a project. The study, - hasfocussed-:, upon the 
- 177 - 
structural aspects of, organizations, to the exclusion of 
behavioural aspects. The exclusion of behavioural aspects 
was made for several reasons. In order to make progress in 
the development of analytical techniques it has been 
necessary to be rigorous about which aspects of organiza- 
tions to model, and to be very specific about the level of 
detail of the analysis. The study of behaviour in organiza- 
tions is very important, and the relationship between an 
individual and the organization is critical in determining 
the,; effectiveness, of the individual. It is a part of any 
manager's duty. to mitigate the adverse behavioural aspects 
and harness the positive behavioural aspects of individuals 
under their responsibility. However, before studying the 
behaviour of an individual in a particular role, it is first 
necessary to be able to specify the role accurately. It is 
only through modelling the organizational structure that an 
objective picture of a person's role in an organization can 
be", -formed. This will then provide a basis against which 
perceptions of roles may be analysed. 
The study of organizational structure in construction 
projects is essentially a study of professionals. By 
omitting any analysis of behavioural issues, the analyst is 
implying an assumption that these people are professionally 
competent. Clearly, this will not always be the case, but 
no; evidence of professional incompetence was encountered in 
the, ýcase studies., 
füIt. is recognized that an ideal organizational structure 
may, not produce an ideal building because of the behavioural 
aspects which may be affecting the way in which people 
perform their duties. However, the modifying effects of 
organizational behaviour are at a different level_of, detail 
to, the overall picture of organizational structureLrelated 
to,,. project outcome. In this. respect, this, <study has 
focussed upon the project organization as the unit for 
analysis, rather than the individual, and any , conclusions 
drawn from the study have to be drawn with this in mind. 
i, -, Relating the organizational structure to project outcome 
has, necessitated the development of the new, _- 
technique of 
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post-occupancy evaluation. The methods used to evaluate the 
building projects' outcomes have been shown to produce 
-useful and comparable results. The fact that some structure 
can be imposed on the evaluations of different projects 
. makes comparative assessments feasible. 
It is clear that this framework provides a very useful 
: basis for undertaking the evaluation of completed building 
projects. Each evaluation takes account only of the factors 
. -relevant to the particular building, whilst still producing 
figures which can be compared with other projects. The 
surveys also provide a rich source of anecdotal information. 
The results from the post-occupancy evaluations are capable 
'of 'being related to the project organizational structure; 
,, this is the greatest benefit of the methodology. The 
-weakness of the method is that it is not clear whether the 
same results would be gained by different researchers. 
However, this is not thought to cause problems when making 
'comparisons of evaluations undertaken by one researcher. 
The technique has been used in an exploratory way, and 
further work is required in order to fully validate it. 
J The collection of survey data from diverse groups of 
. people has been shown to be worthwhile and contributes much 
to the understanding of the good points as well as the bad 
, points of particular project outcomes. The three-dimen- 
sional matrix given in Figure 9 (page 64) is perhaps too 
detailed as a basis for producing questionnaire forms, as 
, this level of detail has not been possible to attain in 
', practice. This is mainly because of the small sample sizes 
involved in the groupings of building owners, occupiers and 
project teams. 
---In terms of the relationship between organizational 
'structure and project outcome, the remainder of section 10.3 
examines the significance of each of the hypotheses. ' 
10.3.1 Skill diversity & environmental analysis 
The first hypothesis states that the in order to maximize 
the-. potential success of project, the. organizational 
structure should provide a level of, skill--=diversity that 
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matches the environmental complexity. It seems strange that 
several- writers have highlighted the need for the organ- 
ization to be contingent upon the environment, but none has 
offered a systematic way of analysing the environment. The 
new method developed herein offers a comparative framework 
which will be applicable not only at the level of the 
project, but also at higher levels of detail (for example, 
it has been applied to a description of the British and 
Jamaican construction industries; see Hughes, 1989). 
However, the ECI still requires calibration. The measure 
provided by the ECI gives a measure of complexity as 
perceived by the analyst. In this respect, it must be used 
with care. Its chief benefit is that it provides a 
framework and a vocabulary with which to discover, discuss 
and compare the major environmental influences on 
construction projects. 
: -Skill Diversity is a specific example of Differentiation 
at-the operational level. As such it is a concept that is 
more easily identified than Differentiation, with all of its 
variants and levels. It is important that the principles 
underlying this study are made more accessible to the ind- 
ustry, and it is felt that the rationalization and simplif- 
ication of concepts goes a long way towards this. The use 
ofr., the concept of Skill Diversity, instead of the more 
complex idea of Differentiation is such a move. The comp- 
lexities of different types and mixtures of Differentiation 
have been shown to be unnecessarily complicated. By 
tightening up the definitions of the terms used, many of the 
more, esoteric problems have been' avoided. The recorded 
values for ECI and for PCI demonstrate a consistent picture 
when related to project success. In this respect the 
hypothesis is validated; although more case studies are 
needed in order to increase the reliability--: of the 
relationships between the variables. 
10.3.2 Co-ordination 
Co-ordination is another case of simplifying and ration- 
alizing difficult concepts. This hypothesis stated that the 
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Differentiation of the Operating System should be matched by 
a corresponding level of Co-ordination. The tests have 
shown that it is not necessary to quantify every link 
between every possible contributor within an operation, 
which was the pattern used in the LRA technique. In that 
technique, the role of Boundary Control was seen as the sole 
Integrating mechanism, between tasks and within tasks. The 
presence of this role was only defined at the level of the 
task, even though it was deemed to be an Integrating 
mechanism at the level of the intra-task link. Therefore, 
the counting of the number of intra-task links for the 
purposes of assessing the level of Boundary Control is not 
necessary in either the 3R or the LRA technique. 
"A further refinement is the distinction now drawn between 
Integrating mechanisms at inter-operational and intra- 
operational levels. These Integrating mechanisms are now 
termed Integration and Co-ordination respectively, and are 
assigned different role symbols in the mapping technique. 
The result of this is that they can be analysed separately, 
and the tests for them can be simplified. 
For the level of detail required by this analysis it is 
sufficient simply to examine an operation for the presence 
of the role of Co-ordinating. The presence of the role- 
occupant, however, does not automatically solve the problems 
of the organization. It is still necessary to take steps to 
ensure that the person exercising the role is performing 
correctly. This is beyond the scope of this work. 
Case study A shows a decline in co-ordination prior to the 
shelving of the project, and case study B shows high levels 
of co-ordination with no repeated Stages of Work. However, 
cases C&D have high levels of co-ordination, but also 
display repeated Stages of Work. The results of this test 
indicate that whilst low levels of Co-ordination may lead to 
abortive work, they don't necessarily lead to immediate 
repetition of Stages of Work. 
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10.3.3 Feedback 
1 The third hypothesis is that the organizational structure 
(should provide adequate Feedback loops. This is a new 
development in this type of analysis, and its inclusion has 
been shown to be valid. Earlier analysts found this aspect 
difficult to test; it was mentioned in passing, but not 
tackled as a quantifiable item. The new mapping technique 
enables the testing of Feedback and it is now an easy aspect 
to quantify. It is clear that it is not always present. It 
is. not particularly significant as a direct cause of project 
deficiencies, but it is definitely a contributory factor to 
unease within the organizational structure. When Feedback 
was high, such as in case study A, objectives could be 
modified radically, even to the extent that the project 
could be shelved altogether. When Feedback was low, as in 
case study D, there was unease amongst members of the client 
organization about whether the building being produced'was 
primarily for them or for the architects. 
10.3.4 Control 
The fourth hypothesis is that the organizational structure 
should provide proper Control mechanisms. The test for 
this shows that the results are consistent with the 
hypothesis. The validity of this finding depends on the 
assumption that the consequences of low Control will require 
extra. work from the project team. All of the case studies 
suffered from erratic control. The results show that poor 
Control on its own does not cause project deficiencies, 
although it is a contributory factor. In case studies A, C 
and=D, the occurrences of low levels of Control'-tended to 
coincide with'the repetition of Stages of Work. High levels 
of"-, Control (as in case study B) did not result in 
repetition. The adverse effects of poor Control may be 
easily discerned by the project team when they find that 
their output is not being related to client objectives for 
the project, and inadequate information is being supplied to 
the-decision-makers in the organization. This results in 
repeated changes of mind by the client about what is wanted, 
- 182 - 
and general confusion amongst the project team about what is 
being produced. The project team in these circumstances 
have to try to take steps to rectify and overcome the 
adverse effects of these phenomena. This means that 
unnecessary effort is expended, and if this extra effort is 
not carefully directed, it leads to the need for work to be 
revised, and Stages of Work repeated. Therefore Control 
should be applied more uniformly in construction projects. 
Thus the hypothesis is verified. 
It may not be possible to connect specific project 
deficiencies with particular organizational departures for 
this test. However, at a less specific level of detail, the 
overall framework of the analysis reveals some interesting 
features about the management of projects. The extra work 
for the project team created by the lack of proper Control 
mechanisms is an example of this. This may be manifested in 
over-complicated communication flows in the operating 
System, or in over-long project durations. If these 
consequences are permitted then the project team may still 
achieve a successful result - often against all expect- 
ations. Indeed, the project team for case study D invited 
the analysis of the library precisely because the project 
had -, won architectural awards and they didn't know what 
features of organizational strategy had produced such a 
result. The detailed analysis of each hypothesis shows that 
the organizational structure was not ideal and left much to 
be desired. The consequences of lack of Control were seen 
to be a need for more staff and extended project durations. 
These consequences can be interpreted as having to work 
against the organizational structure. Where the Managing 
System mitigated the consequences by revising programmes and 
increasing staffing, such as case study D, the result was a 
satisfactory building from an unsatisfactory organizational 
structure. The importance of this point- is that the new 
model provides a thorough framework for rationalizing and 
explaining observations of organizational problems in 
construction. 
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10.3.5 Continuity of the Managing system 
.,, The fifth hypothesis states that the organizational 
structure should ensure continuity of the Managing System. 
This is provided by ensuring that the role of Integration 
is, constantly applied. In case study A the lack of Integ- 
ration was probably the main cause of the deficiencies in 
the finished building, because it is the worst departure 
from the model of all of the tests for that case. In case 
study B the low Integration in stage 3 resulted in the re- 
working of that stage, whereas high Integration later on in 
the project resulted in a successful project. Project C had 
low; Integration and was the least successful project, and 
project D had mediocre Integration and the result was a 
reasonably satisfactory project. The correspondence between 
the,, results for Integration and the results for project 
success is very high. This test is probably the most 
significant indicator of project success, without 
qualification, because the rankings for the results from 
this. test exactly match the rankings for project success. 
However, more case studies would need to be undertaken in 
order to fully validate this claim. 
10.3.6 Duplication 
,., The sixth hypothesis 
is that the organizational structure 
should have no Duplication of the Managing System at the 
Strategy level or above. The worst case for Duplication was 
casestudy C, but this was not the least successful project. 
The,, best case for this test was project D, but-this was not 
the most successful project. There is no correspondence 
between the results for Duplication and project-, success. 
There-is only one point where excessive Duplication produces 
a deficiency in outcome (in project B, stage 2)., ' All, other 
outcome deficiencies are attributable to other causes as 
well. This test seems inconclusive, and whether, the detail 
of different types of Duplication-is looked at, or., whether 
all Duplications are counted as 'equal, it seems, to 'reveal 
little helpful information or shed any light oni.. the 'causes 
of'project deficiencies. Indeed, ' there are cases`of Duplic- 
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ation which should be present. An example is the Co-ordin- 
ation of different aspects of site works by different 
people; another is the approval process for finance in 
public sector projects; it is clear from these examples that 
Duplication is a symptom of issues (such as accountability) 
which are probably, beyond the construction project. This 
produces effects which have to mitigated by the project 
team, but cannot be eliminated as a principle. This hypoth- 
esis, therefore, is not proved, and the recommendation is 
that Duplication is not necessarily to be eliminated from 
construction projects. The test for duplication has rev- 
ealed that most duplication is due to Recommendations and 
Approvals. During construction there are also Duplications 
of. Co-ordination. However, these are not associated with 
shortcomings in the finished project. Observation of the 
3R charts shows that the Duplications associated with 
Approvals coincide with the very long lead times observed in 
the case studies. This phenomenon is perhaps a 
characteristic of public sector construction projects. 
10.3.7 Client involvement 
, The seventh hypothesis stated that the organizational 
structure should provide opportunities for Client 
Involvement at every stage. The best result for project 
success was also the worst result for Client Involvement 
(case study B). Case study A scored 100% for- Client 
Involvement, but this did not produce the most, successful 
project. These results show that simplification of the test 
has not produced a useful or expected result. However, the 
particular circumstances of case study A are unusual, in that 
a Primary Integrator from the client's organization, cannot 
be; identified from the large number of client personnel 
involved. 
--. The, measurement of the-level of Client Involvement does 
not"take account of the way, in which the client, integrates 
the diverse parts of its own organization which.. each have an 
involvement with the project. The test has not'. succeeded by 
being simplified. This issue is worthy of further invest- 
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igation; it is important to be able to observe and 
understand the interaction between the client and the 
project team. The model and the techniques offered here 
provide the capability for observing the processes and 
interactions, but more comprehensive hypotheses about the 
relationships between the client and the project team should 
be examined with this model. 
10.3.8 Characteristics of public sector construction 
The tests have revealed certain patterns which are here 
suggested as being characteristic of public sector construc- 
tion projects. These are: 
- erratic Control 
- high levels of Duplication in Recommendation/Approval 
cycles 
- extraordinarily long lead times 
- difficulties in identifying Primary Integrators from 
the client's organization 
10.4 ORGANIZATION OF PUBLIC SECTOR BUILDING 
The fourth and final objective of this thesis was to make 
recommendations about how to modify organizational struc- 
tures-to optimize project outcomes. This study has shown 
that for the cases studied, objectives were specifically 
defined in only one out of four of the projects. The one 
which had pre-defined objectives was also the most success- 
ful in terms of post-occupancy evaluation. This is probably 
the single most important issue arising from the study; 
objectives must be set at the beginning of the project. 
Further to this, objectives must be set for each stage of 
work so that adequate control. systems can be implemented, at 
all points in the progress of the project. _ M 
The extraordinarily long durations in the early stages of 
all of the case studies show that the decision making 
patterns are slow to respond to the needs of the project. 
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The research has indicated that there are definite advan- 
tages in adhering to the principles of good organization. 
. The lessons learned'from the case studies in the public 
"sector, added to the lessons learned from Walker's case 
studies in the private sector, result in the suggestion of 
the following steps when setting up a construction project 
organization: 
1. The organizational structure should be designed at the 
zoutset of the project, using 3R charts. 
2. ,. The objectives of the project should be defined 
in 
terms of the effects intended on the environment. 
3. ' `Policy decision points should then be identified. 
4. Within each Policy system, Strategic Decisions should 
be identified. 
5. Within each Strategy Sub-system, Tactical decisions and 
Operations should be identified. 
6.; . -Responsibilities 
for operations should be defined, and 
opportunities for inputs from the end users of the 
building identified. 
7. The requisite level of control should then be super- 
imposed on to the responsibilities, relating to the 
achievement of the objectives defined in step 2. The 
management structure is thus identified. 
8. %'Co-ordination, Integration, Feedback and .:. Client Involvement patterns should be identified, and mapped 
on to the set of 3R charts which describe the organiza- 
tional structure for the project. 
9. From the columns of the 3R charts, job descriptions-for 
each of the members of the project 
, 
team., can be 
identified, and used for selection and appointment of 
---the -the consultants etc. ý `' °= 
.. 
' ;r? 
ý_kE 
10.5 LIMITATIONS OF THE STUDY 
The choice of case studies has imposed some, 'limitations 
and constraints on the work undertaken. Firstly, the new 
model has only been tested in the public sector of the UK 
construction industry; secondly, it has only been applied to 
a limited range of projects in terms of complexity"and size; 
and thirdly, the choice of case studies has precluded the 
use of control variables. This third limitation'has meant 
that critical variables have not been isolated so that their 
individual effects on' project 'outcome` can be 'examined. 
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However, it must be expected that projects consist of a wide 
range. of interrelated and interdependent sub-systems. The 
research has shown that project outcome deficiencies are 
rarely the result of single organizational departures -a 
conclusion shared with Walker (1980). 
The small number of case studies is a reflection of 
another constraint on the analytical techniques offered. A 
large amount of data are required in order to undertake a 
complete analysis of a project's organizational structure. 
It took approximately six months (full time) to collect the 
data, and compile the 3R charts for each of the case studies 
used. - This leads to a further limitation; which is that 
there, are insufficient case studies from which to undertake 
anyýsort of statistical analysis. 
. 'By,, 
focussing exclusively on the structural aspects of 
organizations, little has been learned about the effects of 
behaviour on organizational effectiveness - although. it is 
acknowledged implicitly throughout the study that behav- 
ioural characteristics are present and can be important. 
.. 
The. nature of the data collection is an issue which : may 
impose limitations on the findings of the research. In. each 
case°,, study, data collection commenced with detailed 
interviews of the major contributors to the project, - and 
then-proceeded with the analysis of correspondence files and 
minutes of meetings in the offices of architects, - and 
clients. This approach produced a lot of corroboration for 
each, data item; but it is possible that some facts may be 
obscured by the way in which they are recorded. 'However;, it 
is unlikely that this has happened in the case studies, used, 
although it may be an important factor on politically 
sensitive projects, or projects of national, importance. 
The,. techniques of quantifying environmental complexity and 
post-occupancy evaluation cannot yet be claimed,, -, to., be 
reliable.. There is no, absolute way of ascertaining their 
validity., However, the techniques have been developed from 
the theoretical literature, and from earlier studies °_, in 
practice., -It is clear that the results can only be viewed 
in the light of the four case studies. There is plenty of 
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scope for refining, or even replacing these two aspects of 
-the.. analysis, as the analytical technique simply requires 
that the environmental complexity and the relative level of 
-.,, project success should be evaluated. This does not preclude 
the use of alternative techniques. In this way, the 
--techniques are offered as a starting point for future 
:,, developments, not as an end in themselves. 
, 10.6: SUMMARY OF FINDINGS 
(a) The 3R technique provides a useful way of modelling 
the -'organizational structures of public sector building 
.. projects. It meets the need for a technique to system- 
atically describe and quantitatively evaluate the organ- 
. 
ization of building projects. The time needed to undertake 
: -. an analysis has been reduced, and many of the concepts have 
"-. been simplified and rationalized to create a model-which-is 
more consistent and whole than previous models. 
(b)ry The process of building procurement is divided into 
Stages of Work, which are triggered and terminated, by 
Strategic Decisions. The stages are divided intoxa-series 
of Activities which are punctuated by Tactical Decisions, 
and these Activities are further sub-divided into operations 
punctuated by operational Decisions. 
(c)- The analysis of the plans of work shows, that all 
building projects pass through similar Stages of Work,; 'and 
this is confirmed by the case studies. 
(d) :; '= The introduction into the model of a Control. System 
between the Managing and Operating Systems has produced a 
more flexible framework for modelling the organizational 
processes in construction project management. 
(e)'- The development of a more straightforward set 
-of 
role 
specifications has eliminated some of the inconsistencies 
and ambiguities which hampered earlier models. 
. (f) The new style of 3R chart is easier to, prepare and 
to : interpret, and is more concise than other, " charting 
techniques at this level of analysis.,... ' 
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(g) '1 Repetition of work, and abortive work, are direct 
consequences of disorganization. 
(h) :.. The evaluation of buildings is greatly facilitated 
by the. 1new framework of post-occupancy evaluation. The 
technique is more structured and directly applicable to 
building', projects than anything which has been proposed in 
the. past. The information thus collected is extremely 
useful -in pin-pointing the good and bad points of a 
building.: Although the results of the post-occupancy 
evaluation can be used in isolation, when paired with the 
organizational analysis, the result is that many of the def- 
icienciesýin a building can have causes attributed to them. 
This fills a gap in the overall evaluation of buildings. 
(i). '. The technique for quantifying environmental 
complexity, whilst not fully validated, provides a framework 
and a vocabulary with which to discover, discuss and compare ... 
the maj or. environmental influences on construction projects. 
(j)', There are indications that there is a link between 
environmental complexity, Skill Diversity and projecti. 
success. -t This was expected from the literature on the 
theory; but the practical application of this theory is .; 
rare.. ; The fact that the theory is borne out by practical 
observation is a useful conclusion. The case studies 
indicate'that the complexity of the project organization.; 
should be contingent on the environmental complexity., 
(k) :.., The project teams were, not able, to mitigate. ýthe 
adverse effects of complex environments. 
(1. ) The level of Co-ordination is significant in terms. 
of abortive work. Good Co-ordination is essential. "ifathese 
problems are to be avoided. ' 
(m), Feedback and Control are related issues which form 
indispensable parts of the organizational analysis. 
Although they cannot be used as direct indicators, of project 
w. ý The success, -,,,, they they are major contributory,, factors., 
indications are that they are important in -, ensuring -Ithat 
work .' 
is _ not wasted, and that it is matched to objectives. 
High- levels of Feedback enable project objectives to be 
modified, if necessary. Low levels of Control can result 
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in repetition of Stages of Work, and lead to increases in 
workload and extended project durations. 
(n) Continuity of the Managing System is achieved through 
the provision of the role of Integrating. It is a very 
significant indicator of project success, and is probably 
the single most important demand on the organizational 
structure-of a building project. Integration shows the 
closest match to the rankings of success, so this may be 
seen as the most significant organizational test from those 
selected for this study. A consequence of low Integration 
is that stages of work have to be repeated. The long 
durations of early stages in public sector construction 
projects increase the potential for poor Integration. 
(o) Duplication in the Managing System is not necessarily 
to' be avoided. There are cases when it is needed for 
effective Control of the project. Duplication of Approvals 
seems to be a contributory factor to the long durations of 
early stages of work. 
(p) Objectives should be explicitly defined at the outset 
of a project. 
(q) Recommendation/Approval cycles need to be more 
dynamic if they are not to prevent the project team from 
making reasonable progress. 
(r) Client Involvement is an important influence on the 
success of projects, but it is difficult to measure., 
" (s) Finally, it is clear that insufficient attention is 
given to organizational issues in public sector building 
projects. Project organizational structures should be 
designed in advance of the project. The consequences of 
disorganization are aborted or repeated stages of, . work, 
extended project durations, increased workloads,, job dis- 
satisfaction and client unease about the process of building 
procurement. It is clear that the application of analytical 
techniques to organizational problems will help to bring the 
principles of organizational design to construction 
projects. 
- 191 - 
10.7 RECOMMENDATIONS FOR FUTURE WORK 
(a) The new model of organizational structure and the 
associated analytical techniques require further rigorous 
validation and checking. This should be done by further 
case studies; judiciously chosen to isolate as many 
variables as possible in order to examine the impact of 
particular organizational departures on project outcome. 
(b) organization structural analysis can provide an 
"audit trail" of decisions and actions. As a means of 
exposing what has been recorded in correspondence and 
minuted at meetings it is very effective. This means that 
it is possible to identify the exact nature of an 
individual's contribution to a project. This in turn can 
provide a useful starting point for an analysis of the 
effectiveness of an individual in relation to their position 
in the organization, and to the influences on the individual 
within the organization. 
(c) In terms of organizational behaviour - once the 
organization's structure has been accurately mapped - there 
is tremendous scope for an analysis of the opportunities and 
mechanisms for mitigating adverse effects and harnessing 
positive effects of behavioural characteristics. 
(d) If post-occupancy evaluation is being undertaken for 
the purposes of feedback - either to the design team or to 
the', 
-client - 
then repeat surveys at different points in a 
building's life may be helpful. The literature survey 
exposed the lack of a systematic method of evaluating the 
success of building projects. This has to some extent been 
filled by. the approach offered in this work. It is clear 
that in some public sector projects, the end users of 
buildings have very little input into the briefing and 
design processes. Further research is necessary to bring 
these post-occupancy evaluation techniques to. bear on 'the 
feedback of information about buildings-in-use- to-'the 
briefing and design processes., 
: (e) The data collection for the case studies indicates 
that the storage of project data in files is irregular'and 
fortuitous. An, interesting. area for further research--is the 
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need to analyse the reasons and the methods for the storage 
and retrieval of construction project information. An 
aspect related to the collection of data is the use of the 
technique for examining only one stage of work within the 
overall process. By choosing the design stage, for example, 
the period for data collection could be greatly reduced, and 
the number of cases studied could consequently be increased. 
(f) The technique used for assessing environmental 
complexity needs to be refined and developed. It is 
essential in future studies that the ECI can be derived with 
more reliability. Both theory and practice have shown that 
the project's organizational structure should be contingent 
upon, and responsive to the project's environment. 
(g) Whilst the current study has shown that there is an 
interesting link between environmental complexity and Skill 
Diversity, it is clear that more data are needed to test the 
relationship. It was stated in chapter nine that the 
results from this test are only speculative, and that they 
indicate the advisability of pursuing this line of research 
further. The suggested relationship given in that chapter 
is a useful way of explaining the observations. The current 
study has demonstrated that this relationship exists: It is 
recommended that this work is pursued further, in order to 
identify the exact nature of the relationship. 
(h) It is also recommended that further work be done in 
identifying the extent of the increases in workload and 
project duration resulting from lack of Control. The 
question of workload on a professional consultant is an 
interesting one, relating behavioural characteristics to the 
way in which the organizational structure can modify and 
influence motivational factors. 
(i) The test for Duplication has shown that this aspect 
is not necessarily to be avoided in construction projects. 
It would be interesting to study the relationship between 
Duplication of managing roles and issues such as 
accountability. 
(j) The test for Client Involvement has not been 
successful. It is recommended that in future work a 
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slightly more comprehensive approach needs to be taken with 
this test, although it should not go to the complexity of 
measuring full and partial Integration, both between and 
within operations, as did the LRA technique. There needs to 
be found a point mid-way between the two extremes; perhaps 
by giving attention to determining the requisite nature of 
client involvement, as well as its quantification. 
(k) More data need to be generated about organizational 
problems and their consequences. The application of the new 
model to the analysis of other sectors of the construction 
industry, and to the construction industries of other 
countries, would provide valuable sources of information for 
different sectors to learn from each other. 
y: t °. 
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57 Successful bidder chosen; proceed 00 4 -> 
to construction 
58 Main contract construction 
©H 
59 Electrical services installation 
off 04 
60 Mechanical services installation 
off H: 1=4 
61 Design information o 
H: 
62 Cost statements 
()H H= * =1 
63 Landscaping 
64 Establish funding for art work 
40 4 4 -º -º -ý 
65 Appoint artist 
00 H -i 
66 Undertake art work 
H -4 ý -4: * 67 Certificate of practical completion oo 
-i dH -i -i =1 
iEH -i 
68 Snagging & making good 
00 -) 
t 
69 Final completion =1 o, oo 
KEY: Operating system: ýt Operating + Cooperating -4 Consulting Input > Receiving 
Control system: = Resourcing 0 Monitoring Supervising 
Managing System: e Coordinating 0 Directing t'Recommending i Approving 
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APPENDIX E: SAMPLE P. O. E. QUESTIONNAIRE 
-- A40'-- ,. 
LIVERPOOL POLYTECHNIC Research project: The efficiency of 
DEPARTMENT OF SURVEYING building project organisations. 
POST OCCUPANCY EVALUATION Users and workforce questionnaire. 
This questionnaire is designed to collect information which will be used 
as part of a study to assess the structure of the organisation used to 
build the Kitchen and Dining Room at Your assistance in 
this research will be greatly appreciated. 
1. Which of the following categories do you fit into (underline one) 
Workforce General public 
2. How do you rate your overall satisfaction with the finished building? 
Unacceptable Poor Average Very good Excellent 
Briefly state any deficiencies you can recognise in the finished project: 
........................................................................ . 
The remaining questions are based on a scale of 1 to 6, please circle one 
of the numbers for each of the questions. The numbers represent the 
following opinions: 
1= Don't know 3= Poor 5= Good 
2= Unacceptable 4= Average 6= Excellent 
3. For each of these categories, how well does the building function? 
Siting and location 123456 
Access 123456 
Circulation 123456 
Layout 123456 
4. HUMAN RESPONSE: In your opinion, how good is the building for: 
Warmth 
Visual appearance 
Noise 
Safety 
Size 
Shape 
1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 
5. How easy is the building to operate in according to the following 
criteria? 
Suitability for its purpose 1 2 34 5 6 
Maintenance of building (incl. cleaning) 1 2 34 5 6 
Level of acc ommodation 1 2 34 5 6 
Flexibility of use of bldg. 1 2 34 5 6 
6. What do you think of the time taken to complete the project? 
123456 
7. How has your overall satisfaction with the building changed since it 
was occupied? (Underline one item) 
Increased''- Not'changed Decreased' 
Finally, please could you give your Job Title (in confidence). 
............ """"""". """"".......... Thank you for your help. 
--A41 - 
APPENDIX F: GLOSSARY OF TERMS 
(The numbers in parentheses refer to the paragraph where the 
concept is first introduced) 
3R (4.1.7) The mapping technique which represents Roles, 
Responsibilities and Relationships 
Activity (2.4.1) The generic term for work packages which 
take place between Decision points. 
Boundary Control (3.4.2) The Integrating Mechanism defined 
by Walker, and other previous analysts. 
Client involvement (3.9) The involvement of representatives 
from the client's organization with the management of 
the project. 
Continuity (3.7) The absence of Differentiation in the 
Managing System. 
Control System (3.1.2) The system of roles which achieves 
the needs for observation, comparison and correction of 
work taking place in the operating System. 
Co-ordination (3.4.3) The Integrating Mechanism at the 
level of the intra-operational Link. 
Definition, of environment (3.3.1) This describes how 
well-defined 6 particular environmental influence is. 
Differentiation (2.4.4) The differences in cognitive and 
emotional orientation among contributors to projects 
who offer specialist skills. 
Discontinuity (3.7) A Discontinuity occurs when a change in 
the Managing System creates Differentiation in the 
Managing System. 
Duplication. (3.8) The exercising of Managing-Roles by more 
than one person per operation. 
ECI see-Environmental Complexity Index 
Environmental, ', Complexity Index (3.3.5) The quantification 
of complexity in the environment. 
Feedback (3.1.2) Changing the objectives of a system 'or 
sub-system so -Y that they match the work being 
undertaken. 
1ytr . ý, 
ý, -x 
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Forward Control (3.1.2) Changing the work being undertaken 
so that it matches the objectives of a system or sub- 
system. 
Integrating Mechanism (3.4) The provision made by the 
organizational structure to overcome the adverse 
effects of Differentiation. 
Integration (2.4.4) The Integrating mechanism at the level 
of the inter-operational Link. 
Interdependence (2.4.3) The information flows between 
Operations. 
Links (3.3.6) A Link in the Operating System exists when 
one person executing an operation has an information 
transfer with another. 
LRA (2.3) The technique of Linear Responsibility Analysis, 
developed by Walker. 
Macro-environment (2.5.2) The general level of the 
environment, at the interface between the project and 
society in general. 
Managing System (2.3.3) That combination of contributors 
and roles which maintains and regulates the Operating 
System. ' 
Micro-environment (2.5.2) The specific environment 
immediately surrounding those who undertake work on the 
project. - 
Mitigability, of environment (3.3.3) The extent to which 
environmental factors can beamitigated. 
Non-duplication='(3.8) The 'number of 'Operations whose 
Managing System has no Duplicated Roles. 
Objectives (3.1.1) The purpose behind the existence of, any 
system or sub-system. 
operating System (2.3.3) ' That combination of Operations, 
contributors and Roles which undertakes work and 
progresses the project. 
Operations (3.1.4) That package of work which can be 
undertaken by one organizational unit without 
interruption by decision points. 
Policy Decision (3.1.1) The highest ranking decisions on a 
building project, which trigger and terminate the 
Process of Building Procurement. 
Primary Integrator (3.9) The person identified as being 
primarily responsible for information flows between the 
project team and the client's organization. 
- A43"- 
Primary Differentiation (2.4.4) The Differentiation in the 
Operating System due to Technology. 
Reciprocal dependence (2.3.1) The mutual interaction 
between two or more inter-connected operations. 
Role (3.1.6) The relationship of a contributor to an 
Operation. 
Secondary Differentiation (2.4.4) Types of Differentiation 
other than that due to Technology. 
Sentience (2.3.2) The factor of Differentiation which 
arises out of contributors' emotional allegiances to 
groups. 
Sequential dependence"(2.3.1) The Link between operations 
when one follows on from another. 
Skill Diversity (3.3.6) Differentiation due to Technology 
which arises as a consequence of Environmental 
Complexity. 
Stability, of environment (3.3.2) The degree to which the 
environment is subject to change. 
Strategic Decision (3.1.5) Those decisions which deal with 
matters of the environment impinging on the project 
boundary. 
Tactical Decision (3.1.5) Those decisions which are 
concerned with the deployment of resources and the 
management of the project on a day-to-day basis. 
Technology, differentiation of (2.3.2) Differentiation due 
to the type of skill demanded by the task. 
Territory, differentiation of (2.3.2) Differentiation due 
to the geographical separation of the contributors. 
Time, differentiation of (2.3.2) Differentiation due to 
work taking place on a project at different times. 
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